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UNITED STATES ENVIRONMENTAL FROTECTICN AGENCY
REGiCN V

CATH:

SUBJECT:

FRC.M:

Request to Rev iew Supplement to S i t e Select ion Stucy
For Waukegan Harbor CJ'P

/-> ~, 0 "\ 7W i l l i a m F r a n z , Chier î ct/ Z> u^*-/
FT/: ronnantal Rv / iev / Brancn, r.\*~. ^

A d d r e s s e e s

The Ch icago D is t r ic t , COE, has requested that we rev iew the attache-:,
supplement to the site se 'ec t i on study performed in May, 1934 for
a i sposa l of sediments f r ;n Wau ! <egan Harbor. The s i te se lec t ion stud' '
included considerat ion o~ three a l ternat ive lano s i tes . The supple:rier

inc ludes cons idera t ion of four a l te rna t i ve in-lake s i t e s .

The cove r letta-' for tha supplement indicates that a workshop is
planned to be held for incaracency d iscuss ion aftar submittal of init i
comments. Kay 3rannan of my staf f will coordinate tha submittal of
our comments on tha potent ial i n - l axe s i t e s and our preference for a
data for the wor<shop .

P l e a s e have the a p p r o p r i a t e nemce- or nienbers of your star-" '•eview th'
supo", ement. The staf f member(s ) rav iev / ino the document should contact
Kay ( 5 - 5 3 7 3 ) oy June 30, 1 9 ; 5 , to exp ress their preference for t.ne
'.•/or>shop date. Your comments shou1 : be submit ted to !<ay by July 4, 1^

~ = ' aa ;5 C a l l her i f /ou ha ' 'e an- / c u e s t ' o n s .

Attac-.nent

A c d r a s s a e s :

V a c y s Sau l ys , 5GL
Kanne th Fenr.e'', 5 ' iCC
'Or; 3,-e'Tie'-, £3?"
^ • • t h a r j Bart a l t , 5r~

§ S ? S ] ^ ?



DEPARTMENT OF THE ARMY
CHICAGO DISTRICT. CORPS OF ENGINEERS

2 !•* SOUTH D E A R B O R N STREET

CHICAGO. ILLINOIS SO«Qi- l797
4/•»!** *"5 JUM ISco

A T T E N T I O N OF

P l a n F o r m u l a t i o n JUM

ENVIRONMENTAL REV't^ 3r-V.:-
PUNNING i MAIIACL'OT CIV.

M r . W i l l i a m F r a n z , Chief
E n v i r o n m e n t a l R e v i e w B r a n c h
U.S. E n v i r o n m e n t a l Protection Agency
230 South Dearborn Street
C h i c a g o , I l l i n o i s .60604

Dear Mr. Franz:

E n c l o s e d is a s u p o l e m e n t to the site se
c o n f i n e d dredge m a t e r i a l d i s p o s a l f a c i l i t y a
c o m p l e t e d in A p r i l 198-1. The o r i g i n a l repor
v i o u s l y f u r n i s h e d to your o f f i c e for review
t i f i e d three u p l a n d sites as b e i n g p o t e n t i a l
However, the present u n c e r t a i n t y as to the a
sites and the lack of a local sponsor has le
p o t e n t i a l l a k e s i t e s . The l-i a u k e ". an ° o r t Dis
an interest in s p o n s o r i n g a l a k e s i t e i -ninedi
e x i s t i n g r e c r e a t i o n a l boat h a r b o r .
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: T a " i 1 y on

The s u p p l e m e n t e v a l u a t e s tie costs and o t h e r i m p a c t s of four
a l t e r n a t i v e l a k e sites, a l l l o c a t e d i n t h e same g e n e r a 1 area.
One s i t e was i d e n t i f i e d as the -n; s t f e a s i b l e , b a s e d
costs, s i n c e the other impacts were very s i m i l a r . We wou
a p p r e c i a t e r e c e i v i n g any comments w h i c h you may h a v e on tne p l a n s
e v a l u a t e d in t h i s s u p p l e m e n t by June 30.

Once comments on the l a k e S'tes/'o'a",s a~e r e c e i / e d , a
w o r k s h o p w i l l b e scheduled among a l l i n t e - e s t e d a g e n c i e s t o
d i s c u s s t h e i r concerns on both the l a n d and l a k e sites. P "i e a s •?
i n c l u d e with your comments your preferences for a work shoo date
d u r i n g the week of July 14-19. You w i l l be n o t i f i e d of the
workshop arrangements by July 3. If your staff has any questions,
p l e a s e contact Mr. M i k e F i s h e r of our P l a n F o r m u l a t i o n B r a n c h .
His telephone number is (312) 353-5490.

Si nce re 1 y ,

• a n :< K . M n c V, P . E .
LTC, Corps of/Engineers
D i s t r i c t Engineer

Enclosure

i &*&Z'.ms;!*m
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Waukegan Ha.-tor, mincis
Confined Dredged Mate rial Disposal Facility

Site Selection Stjcy - Supplement

:. PURPOSE OF REPORT

This report, which sumnarizes the results of engineering, cost and environ-
•oital analyses of four al ternat ive confined disposal faci l i t ies (CiF 's ) located
• '. |_3<2 Micn igan near Waukegan Harbor, is a supplement to the site select ion
s t j cv for Waukegan Harbor completed in April 1984. The original study iden-
••"*iei three upland si tes as most l ikely to be implementable. However, dif-
f i cu l t ies have ar isen concerning each of the considered sites.

a. Original S i tes ' Status:

(1) Si te 1 - Airport Site: The FAA made a determination that the
•o-'jirsd clear zone for the airport would be less than originally anticipated.
T-e"2*"3ra tne Waukegan Port District decided only to acquire the required
acreage , which is not suff icient to contain all the expected dredged'materi al.

(2} Site 4 - Old Farm: No agency has expressed an interest in
ac:uirng the s i te and becoming the local sponsor.

(3) Site 16 - OMC Site: The Outboard Marine Corporation (CMC) has net
i icicated a wi l l ingness to sell the property. In addition, the U.S. EPA has
•ncicated that it will, in all probability, use the site for disposal operations
assoc ia ted with the eventual disposal of the dredged material with PCS con-
centrations too great for confined disposal.

b. Additional Sites:

Because of the above general problems,
:ecan a reconsideration of potential C3F sites
tn-c' C3te<: an interest in
:.-ei- recreational

the Chicago District of the CCE
r......... ._. _ . . — . The Waukegan Port District

a lake site in the near-snore area immediately soutn o'
boat harbor. Af ter filling and capping, tne top surface of

;~:~ a s i te cculd be used for parking or some other marina-related act ivi ty.
:cr tr;:s supplement,• four alternative near-shore lake CDF sites have been eva l -

SI" SELECTION STUDY - SUMMARY

-y

The original site selection study was completed in April 1984. The report
cc-noletad as a bas is for recoranending a plan for disposing of dredged
r'al determined to be unsuitable for open lake disposal in a confined fac:-

a. Problem:

(1} Waukegan Harbor is a commercial harbor primarily serving the Gold
Bond Building Products and Huron Cement Companies, both divisions of National
Gypsum Company. Regular routine maintenance dredging is required to maintain
-cequate project depths. Through 1969, dredging was accomplished primarily w: tn
3 Government-owned hopper dredge. The materials were placed in the hopper



dredge's bins or scows and bottom dur.ped in tne established deepwater c i spcss l
area in Lake Michigan located about 2 1/2 miles east of the north b reakwa te r
light.

(2) Bottom Sediment Analys is . Prior to 1975, routine analys is of bot-
tom sediments from W a u k e g a n Harbor -as performed by the Corps of Enginee-s anc
the USEPA/Federa l Wate r Pol lut ion Control Acmin is t ra t ion in re lat ion to main-
tenance dredging. Sediments were commonly analyzed for organic nutrients and
heavy metals, the sediments of the inner harsor (project deoth -18 ft LWD) ws^e
considered polluted and not acceptaole for open-water d isposa l . Those sediments
from the outer harbor (project depth -22 ft LWD) were considered only s l ight ly
polluted. In 1975, the USEPA first d iscovered the presence of po lych lor inated
biphenyls ( P C B ' s ) in Waukegan Harbor. Since tnat time, the USE?A and Corps of
Engineers (COE) have done extensive sampling of the harbor area and have c'eter
mined that 'tne material within the Federal cnannel contains less tnar. 50 corn

in the narbor tnere are other c~
wnich warrant it being classifie

PC3s. Even if tr,e-?C3 material did not exist
mical constituents within the harsor material
as unsuitable for open lake disposal.

. (2} Character of Dredged Materials. The bottom sediments of the
Waukegan Harbor have been sampled and analysed by the L'SEPA (1973, 1975, 1977)
and the Corps of Engineers (1951, 13S2). Sediments were classified using the
L'SEPA "Guidelines for Pollutional Classification of Bottom Sediments from Grea
Lakes Harbors" (1977). Most of the sediments within Waukegan Harbor west of t
South Pier licnt are polluted and reauire confined disposal. However, sandy
sediments along the eastern portion of tne North Pier are unpolluted and can b
disposed in the lake or used for beach nourishment. Survey results have shown
wide spectrum of pollutional levels, witn pclychlorinated biphenyls (?C3s) bei
the contaminant of major concern. Results of the analysis of site water indi-
cate little evidence of pollution. Most of the contaminants aopear to be con-
tained in the sediments. A summary of the physical and chemical characteristi
of the bottom sediments is contained in Appendix B of the April 1984 site sele
tion study.

(4) Method of Dredging and Disposal since 1969. Since the discovery
of PC3 contamination at Waukegan, the only maintenance dredging pe~mitted was
to the east of the south pier light prior to 1984. This work was performed in
1974, 1976, 1977 and again in 1982. No dredging work west of tne soutn pier
light, in the navigation channel and inner basin, had been prooosed by
Chicago District pending recommendations from USEPA UP to April 1934.
dredging along the north pier was carried out in 1985.

e
a

n

cs
-

tne
Limited

(5) Maintenance Requirements. The estimated dredging backlog, based
upon 1982 examination soundings, is approximately 105,000 cubic yards of
material in those areas where deep draft navigation occurs. This volume inclu-
des 45,000 cubic yards of sandy sediment in the outer channel which w i l l not
require confined disposal.

(6) PCS Concentrations. The concentrations of PC3's in the bottom
sediments of Waukegan Harbor vary with location and depth. A USEPA report
divided the harbor into areas of specific PCS concentrations. Plate 3 is repro-
duced from tnis report. All areas of the Federal channel are identified as

• * -.**?• • ~



hav ing ?C3 concen t ra t i ons l e s s than 50 pcm. Grab and core samples of the sandy-
clay and silty sediments of the inner harbor (Area <*) contained PC3 levels we 1 !
below 50 ppm. Ana l ys i s of the s i l ty-sand and sand from Area 6 showed PCS con-
centrations less than 1.0 ppm throughout.

(7) Area of Dredging. The Corps of Engineers is limited to dredging
the authorized Fede ral channel, as shown on Plate 2, at Waukegan. Accord ing to
a report submitted to the USEPA by Mason and Hanger - Silas Mason Co. in January
1981, the entire top soft muck sediment layer is contaminated with PCS down to
the underlying sand at almost all locations where any PC3 contamination occurs.
Wi th in the general area of the authorized COE project, contaminated sediment is
located below authorized project depths and irrmedi ately outside of project boun-
daries. If COE dredging is restricted only to authorized project limits, it is
l ikely that portions of the remaining, exposed sediment will drift into tne
authorized project area resulting in acditional handling problems and costs for
many cycles of future dredging. In orcer to avoid this, the Corps would need to
cradge, deeper than the authorized depths shown on Plate 2 and also would need
to dredge outside the limits of the channel to remove sediments next to piers
and bulkheads. It seems probable therefore that, if the COE does any dragging
in Waukegan Harbor, it will, at the least, have to dredge all soft muck sedi-'
ments from the Federal Channel. This will exceed the present authorization for
dredging by COE. The USEPA and Illinois E?A have identified only those areas
contaminated with more than 50 ppm PCS for clean-up. The net result is that the
area between the Corps project and EPA project would remain untouched and con-
tam'nated unless some effort were initiated to clean it up. Il_thjLs._ax2a_were-
not dredged at the same time or prior to the time the Federal Channel was
dresged.'PCS would migrate to the Federal Channel and dredge material from
future maintenance dredging would very likely contain more than 10 ppm PC3-
recuire confined disposal . It would be much more economical to clean up^the
entire harbor at once rather than deal with the PCS contamination in maintTnance
dredging year-after-year. In addition, the US Environmental Protection Agency __
has recommended that, fol lowing dredging operations, the level of PCS at tr.e ~~~
excosed surface of seaiment not exceed the level which was at the surface prior
to dredging. In the judgment of the Chicago District, it is l ikely that the
accit icnal authorization and funding for this work will be received.

b. Authorization:

In the April 1984 Site Selection Study, the authorization uncer whi:n
imolementation was being considered was Section 123 of the 1970 River and Harcor
Acts (?'_ 91-511). This'act authorizes the construction of confines drscce
d'suosal faci l i t ies to hold maintenance dredgings which are produced over a
period not to exceed 10 years, and which are classified as unsuitable for ocen
"20 disoosal by the Administrator, U.S. Environmental Protection Agency
('JSEPA). Under this program, the cost of construction and maintenance is pri-
marily borne by the Federal Government with local interests required to provide
rights-of-way and certain other assurances. The design capacity is based on an
estimate of the total amount of polluted material which will be dredged in a
Particular harbor over a period of tan years.

c. Sites Investigated:

With the assistance of other agencies, 15 alternative sites were
selected to be evaluated as possible disposal locations for material dredged
'"0m tne navigat ion channel at Waukegan Harbor. Of the original 15 sites, nine



were selected for further study. Of those nine selected for further study,
three were selected for detailed study and evaluation for possible recommen-
dation as the selected site. The three sites (sites 1, 4, and 16) are described
in paragraph la.

d. Study Conclusions:

No final recommendation was made as to which of the sites would be usec
for the dredgings from Waukegan Harbor. Only the facts and costs were presentee
in the site selection study. A final determination was to be based on a con-
sideration of construction and operation costs, environmental -impacts, ana tne
desires and concerns of a local sponsor, local and Federal agenci=s and tne
general public.

e. Current Status:

The three sites selected for final evaluation are still viable sites.
However, because of the problems associated with them, especially tne lack of
any qualified agency to exhibit any significant degree of interest in sponsoring
one of the sites, their appeal has diminished. Therefore, tne Chicago District
has decided to reconsider other sites which might prove to b- more ir.plene.n-
table.

3. LAKE SITES

a. Waukegan Harbor Area:

The Waukegan Regional Port District has requested that considerat ion be
given to the construction of a confined disposal facility in the near-shore area
just south of the existing recreational boat harbor. Advantages include the
proximity to the dredging site and the use the Port District could make of tne
land area created after filling and capping of the structure, in conjunction
with planned expansion of the-ir recreational harbor faci l i t ies. The Port
District has indicated that they may be the local sponsor for the project.

b. Dredging Volumes:

The contaminated sediment within the Waukegan Harbor area ca-n be ca
gorized in a numoer of ways, including degree of PCS contamination ani locat
witnin the authorized Federal navigation project. This is d iscussed in
paragraph 7c of the Site Selection Study and paragraph 2 a ( 7 ) of this supplem
and snown on plate 3. In the judgment of the Chicago District, the publ ic
interest will best be served, and the economic and environmental benef i ts of
project will maximized, if all the contaminated sediment with PC3 concentrat
ranging from 10 PPM to 50 PPM is dredged at once and confined within the pro-
posed structure. This would require an estimated capacity of 188,000 cubic
yards. In addition, if the sediment in the north harbor with a higher PC3 con-
centration level is not removed concurrently with the initially dredged
mater ia l , quantities of this material are likely to be washed downstream into
tne project area and diluted to concentration levels suitable for confinement.
Based upon an est imate of the volume of the highly contaminated nortr. harbor
material , an addit ional capacity of 32,000 cubic yards wil l be designed into th<
proposed structure, for a nominal total capacity of 220,000 cubic yarcs. All
considered structures will be designed to contain this volume.



c. Author i ty:

Since the maintenance dredging of the authorized Federal project is a
re.-al responsibi l i ty, and since it is Federal regulations that mandate that
a dredged material be confined, the Corps of Engineers (CQE) has determined
~. CSF'S can De constructed under regular operations and maintenance authori-

cases like the one at Waukegan Harbor. In this case, a local sponsor is- - 2 S i n
-c- acso 'u te l y required as under Section 123, 1970 River and Harbor Act (PL
" local sponsor par-

unless it can be
tnat it is in the best interests of the nation to proceed without one.

author izat ion. The COE does make it a policy that a
cipate in the implementation of confined disposal projects

«. CDF DIKE DESIGN

The fundamental purpose of the proposed dredging/confining operation at
Waukecan Haroor is to clean-up a serious environmentally hazardous water quality
t jrcoiem and to reestablish normal use of a Federal commercial harbor, which has
:een badly hindered for many years by the water quality problem. The clean-up
rvjst be accomplished without increasing the environmental hazard to any other
rat of trie environment. The primary source of the water quality problem is the
'.:cr\ concentration of polychlorinated biphenyls ( P C S ' s ) , which varies over a
-ice range, present in the soft bottom sediments overlaying the bottom of
wauogan'Haraor. If an acceptaole, feasible upland disposal site is not pro-
viced, the dredged materials must be disposed of in a lake site. From a water
cuali ty point of v iew, a lake site can be perfectly acceptable as long as the
;r22<v.atar/dike wa l l s can withstand the wave forces they are subjected to and as
'one as they prevent contaminant substances, solid or soluble, from passing
tr.rcu;- frcm inside to the open lake water.

a. Lake Michigan Water Quality:

The quality of Lake^Michigan water is, in general, quite high.
'.'. ' :ncis State standards for :discnarges of contaninant substances to the lake
2-5 very stringent.

c. PCS and Other Contaminant Transmission:

Ergineering analyses performed by the Dredged Materials Research
; -^c-2m (CMR?) on the PC3-sediment matrix in laboratory and field investiga-
fc.-s nave found PCS's to be strongly bound to the fine-grained sediment par-
fc les. Other contaminants of greatest concern (lead, mercury, etc.) also have
it-tpc Dhysical -chemical bonds to the silt and clay particles. Other studies
'"- '•cat a tnat the release of PCS 's from sediments to the soluble portion of the
-atar cclucn was generally not significant, and that the presence of PCS 's in
t~e water column was dependent on the presence of suspended solids. Standard
-" -it .-late- tests conducted with Waukegan Harbor sediments demonstrated little or
"- "^ lease of contaminants into solution. These results are in agreement with
t~e f incings of the Corps' Dredged Material Research Program which conducted
-"•laustive tasting of dredged material around the country. Most heavy metals

fcunq to be tightly bound to the silty-clay particles of urban sediments.
.rtly, leacning tests using PC3 contaminated sediments from Ashtabula River ,

were conducted. Columns filled with sediments were leached with artif icial
rain for a period of three months. No detectable PCS's were found in the

sn leachate. If a confined disposal site is to be effect ive from an



environmental protection standpoint, it must be efficient in retaining a hig-
percentage of the fine sediments, for it is the clays and silts which carry the
contaminants. Studies*of dredged material disposal areas supported these fin-
dings. The removal of PCB's closely matched the solids removal eff iciencies.
Filtering tests conducted with PCB contaminated sediments from tne Chicago
District (Indiana Haroor and the Chicago River) have supported tnese rela- •-
tionships. • -

c. Dike Design: *'
•* » •*

A CDF is little more than a large settling basin combined with a hign Jf
restriction filter to pass water from d-edgings back to tne lake. Tne stone c-c "
sand dike which will form the CDF must serve two purposes; (1) to be a phys ic= r .
barrier confining those sediments which have settled, and (2) to treat all wa te -
returning to the lake by filtration. The containment structure would cons is t of
a stonefilled dike with a prepared limestone core (see plate &•}. A syntnet::
filter fabric and a sand filter would be placed on the d isoosal side to filter
out the suspended solids so that the filtrate passing through tne dike meets
Lake Micnigan's water quality standards. The sand for tne filter will ba
dredged from within the CDF and placec on the inside slooe of tne dike. This -•
layer of fine-grained sand functions like any other filter used for drinking r.
water or wastewater treatment. Very fine material moving with tne water f lowing I.
througn the pores of the sand/limestone filter of the dike will eventually clog Z
all the minute pores in the dike, substantially reducing future f low through t~e
dike. Dike filters have been used at confined disposal faci l i t ies for dredgec \
materials around the Great Lakes, in Chesapeake Bay, and in Jaoan. The only *
difference between the Waukegan Haroor CDF and others is the gradation of grarvj- *
lar filter material and source of sand. .

d. Dike Func t ion :
c

The concentration of suspended solids in the fi l trate is dete-mined by \
the settling efficiency of the-GOF and the filtering ability of the sand f i l te~ <
within the stone-fi l led dike. Settling tests performed with Indiana Harbor
sediments show that over 99.5 percent of sol ids settle out within f ive hours.
These tests were done with a suspension of sediment and water similar to that
produced by a hydraulic dredge. Mechanically dredged sediments would not be
slurried, and would therefore settle out even more rapidly. The use of f ine-
grained sand fi lters as a treatment for suspended sol ids is a widely used tech-
nology in drinki~.g and wastewater treatment. Engineering analysis of
fine-grained Lake Michigan sands indicate that over 99.999% of the susoended
solids would be filtered in the first foot of filter media. The sand filter
will be several feet thick. The width will be determined by constructibi l i ty
criteria. Tne sand filter will effectively remove all suspended sol ids
(>99.999999%). The result is that the return water from the CDF will r.ave no
suspended so-lids and that all sediment-bound contaminants will be confined.
Engineering analysis indicates that the maximum concentrations of nutrients,
metals and P C B ' s in the CDF filtrate will be slightly greater than the con-
centrations of ambient lake water. The concentrations of metals and nutrient
organics will all be below the State of Illinois Lake Michigan standards.
Almost all parameters will be present at levels below the detection l imi ts of
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analyt ical methods. This ana lys i s i nc i ca tas tnat the rate of al sc-.ar-e
:-cm the procosed CDF w i l l -e very snail ccraared to typical point sou rces , and
wi l l decrease as tne f a c i l i t y becomes f i l led. The maximum rate of discharge is
less than 1 c f s . The quali ty of water within tne fac i l i ty will have the
greatest level of dissolved constituents at the conclusion of a dredged/disposal
operat ion, and that this level should decrease to a level similar to'the amoient
lake in a short time afterwards. The quality of the water discharged from the
proposed CDF will approach that of the ambient lake due to mixing and di lut ion
within the CDF pcnd and dike core. In contrast, polluted sediments at the bot-
tom of a haroor or r iver are directly exposed to the water column, and may be
resuspended by currents or by navigation t raf f ic . The containment of sol ids is
the key to -the d isposal of dredged mater ia ls .

5. ALTERNATIVE SITES CONSIDERED

a. Plan Formulation:

(1) Four alternative COF plans were evaluated. All would be located
in the nearshcre zone of Lake Michigan just south of the exist ing recreational
boat harbor as shown on plates 5 through 8. Each would be sized to hold about
218,000 cubic yards of dredged material with space for a 2-foot thick clay cap.
In several of tne plans, some clean sand would be excavated from the interior of
the CDF after dike construction to provide adequate volume for the dredged
material. The clean excavated material would be deposited in the lake water in
the near-shore zone just downdrift of the structure, as this material would pro-
vide good beach nourishment. The breakwater/dike would consist of a stone-
fi l led dike with a prepared limestone core, as shown on plate 4. A synthetic
filter fabric and a sand filter would be placed on the disposal side to filtar-
out the suspended solids which might otherwise cause the filtrate passing
t.nroucn the dike to v iolate Lake Michigan's water quality standards. The sand
for the filter will be dredged from witnin the CDF and placed on the inside
slooe of the dike. Three of the four considered plans were located so as to not
interfere with the outlet of the Waukagan River wnich enters Lake Michigan just
scutn of the boat haroor. The'other plan would be constructed across the moutn
of tne Waukegan River, but the river f low would be carried tnrougn the structure
in large culverts s ized to carry the 100-year frequency storm flow.

(2) The CDF would be filled to caoacity in one dredging ooeration
carried out over a short time frame soon after CDF construction. The dredged
material would then nave to sit and partially dry for a year or so before
capping. During this time, the surface of tne dredged material would be coversc
by a bfanket of sand about one-foot thick. The purpose of the sand blanxet
would be to protect the surface of the not-dried dredged material from storm
wave overwash and to keep the material from splashing back into the open like
*ata r. Any water entering the CDF before it was capped, either by rain or wave
over.vash, would set uo a hydrostatic head between the surface of tne CDF pond
"tar and the ooen lake water . This would be relieved as CDF water filtered
through tne wa l ls of the dike. Once the dredged material had partially dried,
tne structure would be capoed with a two-foot thickness of c lay. This would be
covered over with aravel and then paved with asphalt. .



b. Coastal Engineering Design:
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sTorm with a 200-year recurrence frecuency condi t ic- was selected (2C-yea-
recurrence watsr level and 10-year recurrence wave Height). Detai ls of tne
cp_astal design analysis are given in Attachment 1.

c. Geotechnical Analysis:

A reconnaissance level geotechnical analysis was made based on
avai lable data. The prooosed CDF at the mouth of tne Waukegan River would be
underlain by from 5 to 13 feet of fine sand. Underlaying these sands could be
from 15 feet to 5 feet of La*e Michigan Formation loose silts and very soft to
soft lacustrine clays, subject to extreme settlement or subsiaence. This
material would squeeze out from under a dike with a thin underlying sand
blanket. Under the Lake Michigan sediments is a moderate hard to hard clay till
that would be a very good dike foundation. The sar.d would allow seepage and tne
clay/si l t permit settlement. This material may also be silty sands or gravel
with no intervening soft or loose materials. Additional subsurface information
is given in attachment 2.

d. Plan Descriptions:

(1) Plan 9A-1. This plan, as shown on plate 5, would be constructed
in the near shore water of Lake Michigan immediately south of and adjacent to
the exist ing recreational boat harbor and immediately north of the nouth of tne
Waukegan River. The CDF would cover an area of 15.5 acres. The breakwater/dikes
would be constructed to an elevation of +9.0 feet LWD in maximum water deptns z~
-9.0 feet LWD. A typical cross-section is shown on plate 5. A volume of 55,000
cubic yarcs of clean sand would be excavated from the interior of the structure
a*ter dike construction, some of which would be used for the fi lter sand in tne
dike wall. The remainder would be deposited downdrift (south) of the structure
to serve as beach nourishment. Dredged material would be placed in tne CDF to z
height of +4.0-foot LWD. The CDF would be filled in one season, and covered
with a blanket of sand. After about one year for partial so l id i f icat ion, tne
CDF would -be capped with a 2-foot thick clay cap, covered with a s ix- inch g rave '
blanket and paved.

(2) Plan 9A-2. This plan, as shown on plate 6, would be located in
the same area as plan 9A-1. However, it would be constructed in sl ightly
shal lower water and be built across tne mouth of the Waukegan River. The r iver
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- l ow would be carr ied through tne CDF in cu lver ts . The si
of 14.9 seres. The b reakwate r / c ; i<es would be const ructed
-9.0- foct LWO in water of maximum depth -3.0-foot LWD, Af
52,000 cubic yards of c lean sand would be excavated from the structure, as in
plan 9A-1, Dredged material would be p laced to a height of +7.0-foot LWO. Tne
culverts to carry the Waukegan River f low through the CDF would be sized to ~
cirry-the-100-year f low. This would require f ive 8-foot d i ame t er̂ co.r 'fucajfadl-'
cetal culverts lain on the floor of the COF after excavat ion to its ffnal bottom
level"Trre~~u~p'per end of the 5-culvert system would be laid at approximately^
e levat ion of the current channel invert, anchored in a stone dike built across
t.n.8 river mouth. Low earthen d ikes would line the channel banks for a short
d is tance upstream of the junction to retain f lood f lows within the channel. The
culvert system would be about SCO feet long. Fil l ing, capping and pav ing of the
structure would be very similar to that described fo~ plan 9A-1.

(3) Plan 98-1. This plan, as shown on plate 7, would be constructed
just south of the mouth of the Waukegan River. The site would cover an area of
13.5 acres. The breakwater/dikes would be constructed to a crest elevation of
-13.0-foot LWD in maximum water depths of -10.0-foot L'-iD. Af ter dike construc-
tion, 11,000 cubic yards of clean sand would be excavated from the structure
-interior for filter sand and to provide the required capacity. Dredged mater ial
«ould be deposited to elevation +7.0-foot LWO. Filling, capping and paving
«ould be done as for plan 9A-1.

(4) Plan 93-2. This plan, as shown on plate 7, would be located in
iooroximately tne same area as plan 9B-1. The structure would cover an area of
10.8 acres. The breakwater/dikes would be constructed to a crest elevation of
-10.3-foot LWO in water of maximum depth - 6.0-foot LWD. After dike construc-
tion, 77,000 cubic yards of clean sand would be excavated cut of the structure
-.o provide needed capacity. Dredged material would be placed to an elevation of
-6.3-foot LWD. Dredging, sol idif icat ion, capping and paving would be tne same
=3 for plan 9A-1.

• •

e. Cost Comparisons:

Cost estimates for the considered plans are given in attachment 3, and
summarized in taole 1. Costs are based on the April 1986 price level.

Taole 1. Cost comoarison for Waukegan Harbor
COF - Laxe sites (218,000 cubic y a r d s ) ( S O O O )

-2r
IiO
• *t
-.a a

cons t ruc t ion
and SSA

3"est d u r i n g cons t ruc t ion
i Estate

9*-l

S 4,052
648
172

0

P l a n
9A-2

$ 5,119
819
217

0

95-1

S 3,914
626
166

0

98-2

$ 3,234
518
137

0

suo total 4,872 .6,155 4,706 3,889

- r3CC
~:tal
-cst

;ing

per cubic yard
credced mater ial

2,529
7,401

S 34.00

2,529
8,634

S 39.75

2,529
7,235

S 33.25

2,529
6,418

$ 29.50



f. Environmental and Social Impacts:

Since these-four COF plans are proposed for the same s i te and vary o n ' ,
in shape and s ize, their environmental impacts will be relat ively ecual . Tne
siani f icant adverse environmental impacts of maintenance dredging -and CDF
construct ion/operat ion would be: 1) a temporary increase in tumidity dur ing
dredging and construction, and 2) loss of about 15 acres of aqua t i c haDi ta t

-through conversion to landfill. The principal adverse impact of the no-ac t ion
''plan would be the hindrance to navigation resulting from accumulat ion of seg-
ment in the Federal channel and the potential for continued PCS contaninat ion c*
Lake Michigan.

6. COST ALLOCATION

All costs for construction of tne proposed confined disposal fac i l i t y t~.
Waukegan Harbor are attributed to federal environmental and water qual i ty regu-
lations and as such are a Federal responsibility.

7. PLAN IMPLEMENTATION

If a plan is authorized for construction, the Corps of Engiree-s will
require that a local entity with legal and financial responsiDi l i ty enter into
an agreement to proviae all necessary real estate and other items of local
cooperation prior to construction.

a. Real Estate:

Prior to the date of advertisement for bids for construction of tne
facility, the local cooperator/s will be required to provide evidence of fee
simple title to the submerged lands of Lake Michigan underlying the proposed
Illinois facility. The submerged lands are presently owned by tne State of
Illinois. No relocation, or acquisition as provided for under the Uniform
Relocation Assistance and Real Property Acquisition Policies Act of 1970, P u b l i c
Law 91-6*6 is anticipated.

b. Local Cooperation:

To provide for local assistance in connection with the construction,
operation and maintenance of the proposed confined disposal facility (CDF) for
Waukegan Harbor, the Chicago District will enter into an agreement with a
non-Federal interest or interests in accordance with Section 221 of Pub l i c Law
91-511 wnich will act as -local cooperator/s for the project. Such non-Feae.'-al
interest/s will provide the required real estate interests; obtain the
aopropriate state and local permits; facilitate any other necessary coordination
with the State of Illinois; receive possession of tne CDF after it is f i l l e c ;
and assume the required maintenance responsibilities tnereafter. The items of
local cooperation are summarized below:

10



a. Provide witnout cost to the United States all lands, easenerv^s, and
r-'cht3-of-way necessary for construction, operation and maintenance of the faci-
lity,

«*

b. Hold and save the United States free from damages due to the
construction, ooeration and maintenance of the facility, except damages due to
tie fault or negligence of the United States or its contractors;

c. Maintain the facility after completion of its use for disposal pur-
poses in a manner satisfactory to the Chief of Engineers.

d. Comply with the applicable provisions of the Uniform Relocation
Assistance and Real Property Acquisition Policies Act of 1970, Public Law
=1-646, approved 2 January 1971, in acquiring lands, easements, and rights-of-
way for construction and subsequent maintenance of the project and inform
affected persons of the pertinent benefits, policies, and procedures in connec-
tion with said act.

e. Comoly with the Section 601 of Title VI of the Civil Rights Act
1=54 (Public Law 83-352) and Department of Defense Directive 5500.11 issued
suant thereto and published in Part 300 of Title 32, Code of Federal
Regulations, in connection with the maintenance and operation of the project.

or
pur-

f. The non-federal interests, or interests shall retain title to all
real estate interests furnished by it pursuant to paragraph a. above. However
tne confined disposal facility contemplated herein may be conveyed to another
:arty only after completion of the 'facility's use for disposal purposes and
after the transferee agrees in writing to use or maintain the facility in a
manner which the Chief of Engineers determines to be satisfactory.

3. CONCLUSIONS.

a. Lake Sites:

Sased on the costs of the alternative 1a*e sites considered, plan 93-2
's the least costly and therefore the most cost effective. There is little
c-*fe"ence in the environmental and social imoacts of the considered plans,
ana so plan 9B-2 is the tentatively selected plan. A local sponsor must be
'cantifieo if this plan is to be implemented.

b. Previously Considered Sites:

The three sites identified in the April 1984 Site Selection Study have
"ct been drooped from consideration. However, a local sponsor must be found if
2~y of these sites is to be eventually imolemented.

11
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?e*i ne Oro|ect. Waukegan Harbor, trie locat ion of the proposed
•onfinefl disposal faci l i ty ( C G C ) , is located in north eastern Illinois
"*' 2<e County) on the west shore of Lake Michigan, about 35 miles north of
"^•• icaao and 15 mi les north of North Chicago and 16 miles scuch of Kanosha.
•r t ' -^consin (P la te 1). The Waukegan CDF wil l be a diked retaining structure
•z'r containment of polluted dredged mater ia ls from the Federal navigat ion
crannel at Waukegan Harbor. Since it is located in Lake Michigan, the
sc'- jcture was designed to withstand the local wave cl imate. Four
a l ternat ive plans for the CDF have been developed. See Plates 2 tnru 5.

2. Design of Alternative Plans.

2.1 Bottom Depths. Using the bottom contours on. Plates 2 thru 5, bottom
ceot'ns were rouna for each of the four alternative plans. Plan 9A-1 would
;e ouilt at approximately 9 feet below Low Water Datum (LWD), plan 9A-2 at
-3 feet LWD, plan 98-1 at -10 feet LWD, and plan 9B-2 at -6 feet LWD.

2.2 Design
cesignea to

Wave Condit ions for Stone. The stone for the outer layers
witnstarld a stom condition with a 200 year return period.

are

2.3 Design Water Level
io aicen from
rent water level

The design water level has a 20 year return
Reference 1, tnat level is 5.0 feet above LWD. The
is c lose to this design water level.

2.- Design Deeowater Wave Height. The design wave height has a 10 year
return period. Trns va lue is taxen fron a publication
f-e'erence 2) that contains hind cast wave information for Lake Michigan.
His to r i ca l wind data from six stations along Lake Michigan served as input
to a numerical hind :ast model. The model determined deepwater significant
w a v e heights and mean s igni f icant periods for each wave height. ' T h e
ceeowate r design wave at Waukegan is 17. A feet with a 9.5 second period
*-3n the North-Northeast and 11.3 feet, 7.5 seconds from the South to
Scjtneast.

Ces lgn Wave Hegh t at Structure. The deepwater wave is reduced as it
The design wave Heights for stone siz ing at the

using surf zone wave decay relationships. These
Goda (Reference 3). Figure 1 was develooea

a summary of design parameters. Table 2

snore
ifucture are calculated
«er= developed by a man named
*'~cn reference 3. Table 1 gives
snows trie design wave height computations.

Taole 1
Strmary of Oesign Parameters

9=2

Di'*ection
Critical

Waves

N-r€
S-Sc
N-f€
N-«

Deeowater
Wave Ht.
(Ho'.ft)

17.4
11.3
17.4
17.4

'Wave
Period

(T.sec)

9.6
7.5
9.5
9.6

Design Water
Level

(SJL, +ft LWD)

5
5
5
5

Bottom
Elevation

(ben, -ft LVO)

9
3

10
5

Total Design
'Water Depth

(h, SW. ^ttn.ft)

14
8

15
11

•-v



Table 2
Design Wave Ht for Stone Computations

(See Figure 1)

Plan

9A1
9A2
9B1
9B2

Offshore
Slooe(m)

.002

.002

.002

.002

h/Ho1

.81

.67

.86

.63

Lo
(5.12T2,ft)

471.9
284.9
471.9
471.9

Ho'/Lo

.04

.04

.04

.04

Hi/3/Ho1

.52

.45

.55

.42

Design Wave Ht
(H1/3.ft)

9.1
5.3
9.5
7.3

2.5 Stone Sizes Computations. The stone placed on the outsiae of aixe
structure, armor stone, neeas to be a certain weight in order to resist
movement and displacement under design wave conditions. The following
ecuation calculates that weight:

Wr H3

—————— Where:

cot

W

Wr
H
Sr

9
Kd
W

s

s

z

unit
desi
Wr =

r - I)-5 cot 9 (E

weight of armor stone
gr wave height in feet
unit wei ant of rock

WW
= angle
= staoi
* wei gh

unit
of

lity
t of

weight of water
structure slope
coefficient (Tabl
individual armor

quatio

= 165

= 165
627

= 2
e 7-8
stone

n 7-116,

lbs/ft3

4

SPM) =
in pound

2

3
s

64

The amor stone is allowed to range between 90% and 200% of this weight.
The secondary stone layer, placed under the armor units, is one tenth of
the weight of the armor stone. This stone may vary between 50% to 200% of
tne secondary stone weight. The core and bedding stone is a prepared stone
with a very wide gradation.

2.7. Stone Thickness. The recommended thickness of the armor and
secondary stone tmckness is about two stones. The crest width is normally
no less than three units. These values are determined using the following
equation:

nk (W/Wr)1/3 (SPM, reference 4)

where:

k-
W
W,

number of layers (2 for computing layer thickness and 3 for
computing crest width)
layer coefficient * 1
typical armor weight
unit weight of stone = 165 lbs/ft3

layer thickness



Stone Size and Thickness for the Plans. Table 3 sunmarizes the
ts of tne stone sizing computations.

4700
2X0

Table 3
Stone Weights and Thicknesses

Amor Units Secondary Laver
Range of

W Units
rs<) (.9W-2W,lbs)

Layer Thickness
(3, ft)

Crest 'Width
(B,ft)

W/10
Obs)

Range of Units
(.SW/10-2W/10,lbs)

Layer Thicxress
'9, ft)

3600-3000
700-1500

4200-9400
1803-4000

5.7
3.2
6,0
4.5

> 8.6
~4.9
i9-1

> 6.8

400
74

470
200

200-500
25-150

240-9^0
100-100

2.7
1.5
2.3
2.1

2.9 Detaining Crest E levat ions. An adequate crest elevation would not
a low sacxwasn . " Sackwasn woula occur if water continued to overtoo. The
CDF after tne ava i lab le volume was fi l led and discharged back to the lake.
"h's C3F wil l be f i l led and capped in one dredging season. Thus, backwash
^3 only a possibi l i ty for one dredging season. The design criteria were
retarnined with this dredging schedule in mind. These include:

- Design water depth of +4.0 feet LWO
(20% ciance of exceedence)

- Wave period of 7.28 seconds from N-NE and 5.8 seconds from S-SE.

- Design storm wind velocity of 31 mph (45 .5 f t /sec. ) from the N-NE and
S-3E.

- Cesian stora duration of 24 hours.

\~~ t~e overtopping analysis, a state-of-the-art methodology is applied.
• "-t ial ly monochromatic wave theory was used exclusively. It is now
;5"eral iy accepted that an irregular wave approach is preferred. Using
;e*"er?nce 5, "Summary and App l i ca t ions of the TMA Shallow Water Spectrun",
i ~ a : i o w water spectral form waves are used
"st.ier than monochromatic wave trains.

in crest elevat ion designs

D e s i a n Wave Heiahts for Crest Elevat ions.____________^_^^__ Using the design cr i ter ia,
-s maximum prooaole wave neignt is calculated. This will be the basis for
e overtopping aesign wave. This is done by calculating the depth limited



significant wave height (Hno). since the proposed CDF will be located in
intermediate to shallow water depths, the following series of equations are
used to calculate Hm0 (reference 5):

H - depth limited wave heightso "

where

a, K * shape factors for spectral wave energy
density distribution

o = 0.0078K0'49

U = windspeed at 10 • elevation

g = acceleration of gravity

k = 2n/L = wave number for waves at peak frequencyn in
L = wavelength associated with peak frequency f from linear waveHI intheory

= (gh) T in shallow water•
_~m - wave period

h • depth of water

Then using Figure 2, the significant wave height (average of the highest
1/3 waves) is calculated from H^Q. Table 4 shows the significant wave
heignt computation results.

2.11 Crest Elevation Computations.. The crest elevation of a CDF is
determined by calculating wave runup, overtopping volumes and tne time it
takes to fill the available volume. The design storm has a duration of 24
nours. Any crest elevation that allows the available volume to fill during
design sto'rtn conditions in less than 24 hours is not acceptable. That
would allow water to backwash into the lake. The available volume is
smallest just before capping. T»»ree or more feet of cover material is
needed for capping. In order to optimize the design, fill times for a
range of cap thicknesses (3 to 5 feet) were calculated.
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2.12 Runup, Overtopping and Fill ^imes. The procedure used to determine
how the CDF wil l fill is as f o l l o w s :

- Calculate the wave height yielding the runup eaual to the structure
freeboard or in other words, the minimum wave height wh ich wi l l overtop
structure. •

t
- Determine the average wave height of all the waves wnose runup

reaches and exceeds the crest e levat ion and calculate tne ave-age
prooabil i ty of that wave occurring.

- Calculate the overtopping rate using the average wave height
overtopping the structure.

- Since monochromatic waves are assumed in determining the
overtopping parameters and only spectrum waves are considered, the
overtopping rate must be multiplied by tne probaoil i ty of tr;at wave height
occurring.

Tables 5 and 6 show the computation results. From these results,
recommended crest e levat ions and aredge fill elevations were selected.

3. Cross Sect ions. P la te 6 ihows the ?rs?oae.d tvpical srsn
section tor eacn al ternat ive plan.
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PRE-BREAKING

=*„,< Z- Maxima* and average values of HS/HBO for irregular waves

(from Thompson and Vincent 1985)
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ILLINOIS GEOLOGICAL SURVEY BORINGS IN THE
VICINITY OF THE PROPOSED WAUKEGAN HARSOR CDF

Janes Knox - 1986

Abstract

Ten boreholes dril led in 1979 and ten boreholes drilled in 1975 in the
vicini ty of Waukegan Haroor provides information on three potential
nearshore borrow areas for beach replenishment naterial. Thickness and
volume oe useable sediment, grain-size characteristics, and organic and
metal l ic chemistry were obtained from the borehole samples. Average
t.-iicxnesses for tne three areas around Waukegan Harbor vary between 6 and
15 feet (1.8 and 4.6 m). Average grain sizes for the three areas around
Waukegan Harbor are 3.06? (0.12 mm), 2.53? (0.17 mm), and 3.31? (0.10 mm).
Most beaches sanpled by the Illinois Division of Waterways indicate grain
sizes larger than 2.0? (0.25 mm). Comparisons of the potential borrow
naterial with that of the native beach indicates very little compatibil ity.
The estimated amount of additional borrow material (overf i l l ) needed to
create a specif ic volume with a grain-size distribution equivalent to the
native beacn var ies from a minimum of three to greater than 10 "times the
specif ic volume. Thus these nearshore borrow areas should not be
considered as potential material for beach nourishment.

The proposed CDF at the mouth of the Waukegan River would be underlain
3y from 5 to 13 r'eet of fine sand. Underlaying these sands could be from
15 feet to 5 feet of Lake Michigan Formation loose silts and very soft to
soft lacustrine clays, subject to extreme settlement or subsidence. This
material would saueeze out from uncer a dike with a thin underlying sand
rlanicet. Under the La<e Michigan sediments is a moderate hard to hard clay
till that would be a very good dike foundation. The sand would al low
saeoage and the clay/si l t permit settlement. This •naterial may also be
si l ty sands or gravel wi th no intervening soft or loose materials.

I N T R O D U C T I O N

A major portion of the Illinois shore of Lake Michigan shows the
effects of erosion that resulted from the high lake levels of the 1970's
and 1980's. Amcng these effects are diminishing beaches which line most of
tne shore. Some beach width changes are due to such short-term factors as
yearly laice level fluctuations or storms. Of more importance, however, are
tne longer term lake level changes which operate in irregular cycles that
range from 10 to 30 years in length. Beaches become narrow or disappear
entirely during several successive years of high lake levels, but usually
reestablish themselves during years of lower lake levels. For the most
part, therefore, erosion and acceretion offset each other but if analyzed
over several cycles, accretion generally does not entirely regain the
ground lost to erosion. Therefore we can expect ongoing and continuing
erosion of the present shoreline.



The absence 'of a beach or the presence of only a narrow beach may
pernit the full energy of the waves to Impinge on the toe of a lake bluff
and undercut the bluff face with subsequent slunpinq. After the slump has
Deen disaggregated and dispersed by tne waves and littoral current, the
tnen denuded bluff is susceptible to even greater erosion. As tne bluff
retreats, so do the beaches. If sufficient beach width can be maintained
to prevent wave attack on the toe of tne bluff, the most important cause of
bluff retreat will be stopped, wnereupon erosion and accretion will be
balanced.

Groins have cone into widespread use for maintaining beaches along the
Illino i s shore. Longshore drift trapped by the groins provioes a buffer
between the lake and the bluff.

With an ever increasing number of groins capturing portions of the
littoral drift ana decreasing littoral drift moving south from Wisconsin
into Illinois, many of the beaches are not sufficiently wide to prevent toe
erosion of the bluff during higher lake levels or during severe storms.
Unaer these circumstances, it it necessary not only to build groins but to
artificially fill them with sediment of a suitable grain size to provide a
stable beach of width sufficient to prevent toe erosion of the bluff.

As a temporary measure, unprotected eroding beaches can be widened by
adding sediment; however, unless an economical method of recycling sediment
from the downdrift end to the updrift end of the beach is also employed,
the beach will continue to erode and must be renourished periodically.
Toward this end, this report provides data on potential nearshore borrow
areas that may contain sediment of a grain size suitable for use in
replenishing the Illinois beaches.

PURPOSE AND SCOPE
During June, 1979, ten boreholes were drilled in the nearsnore sands of

Wauicegan Harbor (figs. 1). Study of samples and logs of these boreholes
yielded information on the grain size characteristics, thickness of
sediments, area! extent of potential sand bodies, and amounts of organic
and metallic pollutants. These data was utilized by the Illinois
Department of Transportation, Division of Water Resources, to determine the
suitability of sand for direct beach nourishment or for use in conjunction
with- other materials for maintaining beaches. These boreholes also
provided supplemental information on oeptns to till or bedrock which will
be available in correlating subsurface information with land records.

This study was supported by contractual funds from the Illinois
Division of Water Resources. The Illinois State Geological Survey
supervised the drilling program, recorded drilling data and collected
samples for laboratory analyses. The drilling was performed under
subcontract by Soil Testing Services, Inc. of Northbrook, Illinois. Barge
and tug services were contracted to Falcon Marine Company of Waukegan,
Illinois. During the period of drilling, ISGS personnel completed a
hydrographic survey in the drilling area to obtain recent bottom topography
wnich was necessary for computing sediment volumes.



Along with the data presented in this rsport, a sunnary of borancle
•information from the July, 1976 d r i l l i n g around Waukegan Harbor (Noroy ana
Coilinson, 1977) is included as supplemental information.

METHOOS

Information provided by hydrographic maoping and previous drilling
determined the selection of borehole locat ions that best sat is fy the stated
oo jec t ives . As the drill ing progressed, the drill hole locations were
adjusted according to data obtained. The true*-mounted Mobile drill rig
(•nodel 361) was secured to a barge to provide a floating drill ing platform.
The barge was positioned at each dri l l ing site by tug boat. The posit ion
of eacn hole was determined by raoar with triangulatior checlcs of Known
snore locat ions. On station, the barge was anchored to the bottom by means
of two thirty-foot (9.1 m) st i f f - leg spuds. In the drilling operation,
cas ino was set from the platform to the lake bottom. After each sample was
:»*en, the casing was extended and driven into the bottom.

Samples were obtained by one of two methods. In the standard method,
used for gra in-s ize samples only, a 1 3/3 inches (3.5 cm) ID split-spoon
sampler was attached to the end of a hol low stem drilling rod, lowered
:.?-ougn the casing, and driven 18 inches (45.7 cm) into the bottom by
e^vner a 140-pound (63.6 kg) drop hamner or more generally by a 350-pound
(153.9 kg) hanmer which shortened the sampling time. The sampler was
wi-narawn from the hole and the sample was collected and recorded. The
he1* was dril led down through the last sampled interval and flushed. The
saroler was then driven another 13 inches (45.7 cm) and the process
raceated. In the second method which was similar to the f irst, a 5-foot
(1.5 m s ta in less steel Shelby tube, 2.34 inches (7 .22 cm) ID and 3.0
ircnes ( 7 .52 cm) 00, was used as the sanoler. The inside of the Shelby
••joe was wasned with detergent and rinsea with acetone fol lowed by
nannograde hexane. The cleaned Shelby tube was used to obtain
jnccntaminated samples for organic and metal l ic chemical analyses as well
as *or grain s ize . Methods and equipment used in the 1976 drilling were

by Noroy and Col l inson (1977).

Standard grain-size analyses were performed with a series of 13 sieves
f 'J .S . Standard Sieve Series) at half-phi intervals. Table 1 shows the
g-am-size c lassi f icat ion used in this report. Tables 2 through 5 show a
summary of the composite mean grain s ize, sorting, number of samples
analyzed, percentage of sediment coarser than 2? (phi) and 2.5? (phi) as
well as other physical data for each borenole.



•The grain s ize values for each 1 1/2-foot (45 .7 en) sp l i t -spoon sample
were mathmatically averaged to obtain a composite sample for tne core, "he
gravel found at the contact between the sand and the underlying till was
generally excluded from the composite, part icular ly in tne deeper cores, as
it would shift the mean and c lass percentages to the coarser end of tne
scale. In the 5-foot (1.5 m) cores wnich were more nearly conplete, the
samples were diviaed at.close intervals (3-10 cm) in the upper portion of
tne f i rst 5-foot (1.5 m) core to obtain more detailed chemical information
for that interval. Samples for the remainder of tne core and for second
core, where taken were either divided at boundaries where g r a i n - s i z e
changes were visibly discernable, or at regular in tervals . For each core,
samples were statistically weighted and then averaged to obtain a composite
sample. The 5-foot cores for 1974 were sampled in a s imi lar nanner,
although no samples were taken for cnemical analysis.

Hydrography

Concurrent with the drilling program phase, bathymetric mapping was
completed around Waukegan Harbor. The bathymetric data were gatnerea to
assist in finding the greatest accumulation of sediment and any changes in
bottom topography that had occurred since the 1974 mapping.

A comparison of 1974 maps with the 1980 map of the Waukegan area along
with adjustments to compensate.for lake level changes suggests a gain of 2
to 3 feet (0.6 to 0.9 m) of sediment immediately south of the Commonwealth
Edison pier and in a few areas with depths of 5 feet (1.5 m) or less.
However, much of the remainder of this reach between Waukegan Harbor and
Commonwealth Edison shows a loss of between 1 to 4 feet (0.3 to 1.2 m) of
sediment since 1974. Examination of an unpublished 1975 bathymetric nap of
this area on file at the Survey shows tnat most of this loss occurred
between the summers of 1974 and 1975.

South of Waukegan Harbor, 2 to 3 feet (0.6 to 0.9 m) of sediment has
accumulated in depths of 10 feet (3.0 m) or less immediately south of the
south jetty. In depths of 12 feet (3.7 m) or greater, no di f ferences
greater than about one foot (0.3 m) could be found in comparisons with 1974
maps. The small differences may be real or they may be due to small
inaccuracies in mapping or to different prof i l ing patterns employed for the
two maps.

The change in bottom topography or lack of change is not surprising.
The lake levels during the 1974 survey (581.1 feet or 177.0 meters IGLO)
and during the 1979 survey (580.0 feet or 176.7 meters) are only sl ignt ly
di f ferent-and for intervening years, the lake level has not var ied
substantially. At the time of the 1974 survey, the lake level has about
reached its peak after a dramatic rise which began in the mid-1960s. The
nearshore lake bottom, for the most part, had apparently adjusted to the
lake levels rise by 1974 or 1975, as very little change has occurred since
then, with the exception of an area north of Waukegan Harbor which had
adjusted by 1975. No surveys have been made since 1975 in this area,
therefore var iat ions in the bott:m topography may have occurred in this
time interval.



Table 1. Wentvcrth grain size classification and sieves used in grain size
analys is

Size Class

Sou Icier

Cobble

Pebble

Granule

Very coarse sand

Coarse sand

*adiuin sand

ri::e sand

Very fir.e sand

S i 1 •

Clay

Class

mm

—— 64.00 ——

—— 4 . 00 ——

2.83

—— 2.00 ——

1.41

0.71

—— 0.50 ——

0.35

0 ^ f

0.177
01 •" ;

o .oaa '
—— 0.062 ——

O ^n ifS ____

l imi t s

nhi

— -3.0

— -6.0

— -2.0

-1.5

— -1.0 ———

-0.5
— 0

0.5
— 1.0 ———

1.5

2 . 5

— 3.0 ———

3.5

U.S . Standard
Sieves used for

analysis

—— 5
7

—— 10

14

—— ia
25

——— 35

45
>• <*

30

—— 120

170

2 * A
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Fig. 4 - Isolinea of the adjusted SPM fill factor versus phi mean differer.cs
and phi sorting ratio (Hobson, 1977, as modified from Janes, 197: >•
tht star indicates a conservative overfill factor for sedisient frcr
Area A based on the nine boreholes drilled within the area in 19"?-
The overfill factor applies to use for replenishment of LaXe
beaches in Illinois. Values used are uv, * 3.08, un - 2.0, r.
and o » 1.0. The open circles represent separate overfill i
for each of the nine boreholes ( table 2 has values for u, and ca



3QREHOL- RESULTS

Distribution around Waukggan Harbor

The dril l ing data and fathoneter survey indicate three areas {Area A,
3, and C) of moderate sediment accumulation around Waukegan Harbor ( f ig. 1).
Area A, south of the south harbor jetty, is approximately 250 acres (1.0
<n^). Here nine boreholes fron the 1979 drilling (table 2) and three holes
from 1976 (table 4) indicate an average thickness of 10.1 feet (3.C : m) of
ssoiment. As trie boreholes do not represent equal areas and the subbottom
nas an irregular topography, some adjustment in this average thickness
needs to be made. Seven of the boreholes indicate consistent th icknesses
between 7.25 and 9.0 feet (2.21 and 2.74 m). Three boreholes snow a
typically high thicknesses for the area. Two of the three holes have an
uoper unit of sano and a lower unit that ranges between a very poorly
sorted ( » 2 to 4) and an extremely poorly sorted ( >4) sediment
consist ing primarily of angular dolomite gravel. Sigma ( ) is a sorting
coefficient or the standard deviation from the mean grain size. The gravel
was poss io ly derived from glacial abrasion of dolomite bedrock highs, some
of wnich are only a few hundred to a few thousand feet to the north and
east. The gravel unit lies below the elevation of the top of the till
sucbotton and it nay be in a pocxet scoured out by the glaciers or in a
channel of the ancestral Waukegan River. An adjustment by subtracting the
gravel unit in the three atypical boreholes results in sand thicknesses of
5, 9, and 9 feet (1.8, 2.7, and 2.7 m). The adjusted average thickness for
trie boreholes is now 7.4 feet (2.25 m) which is considered typical for the
area. Another 1 foot (0.3 n) of sediment is added to this average to allow
for pockets gr channels of sediment. Area A contains a volume between 2.0
and 3.5 x 10° cubic yards (2.3 and 2.7 x 10° m3). The average grain size
•'or the sediment in 11 of the 12 borenoles is 3.06? (0.12 nrt). Boreholes
•-13 is not used in this averace as it contains a lower unit of angular
ro 'oni te gravel and ccobles. This average is not weighted between
:creno1es Dut it is a useful guide to the general grain s ize for the volume

Area B, eajt of the Waukegan Harbor mouth contains approximately 90
acres (0.26 km'1). The bottom and subbottom configuration is significantly
: r recuiar , therefore the 6.3 foot (1.9 m) average thickness for the three
ioles cri l lee tnere in 1976 is only approximate. Using the average
vvcxqess a sediment volume of approximately 0.9 x 10" cubic yards (0.69 x
10° m-) is calculated. The grain size for the three holes, wnich varies
graatly, averages 2.53? (0.18 mm).

Area C contains about 450 acres (1.32 km^) and lies between Waukegan
Harbor's north jetty and the Commonwealth Edison pier. The average
sediment thickness is around 15 feet (4 .6 m) based on 4 boreholes as well
as ogttom and suboottom profiles. Approximately 11 x 10" cubic yards (8 .4
x 10° m^) of sediment underlies Area C. The grain-size average for the 4
•ioles drilled here in 1976 is 3.31? (0.10 mm). The grain size, as in many
areas, becomes coarser closere to shore as indicated by hole W-6 (3.15? or
0.11 mm). The subbottom is generally till but bedrock is believed to be
^soresented in several borehole.



Organic and metallic chemical analyses are being performed only on
borehole WH-2 and WH-4 in Area A. Final results of tne analyses are not
yet ava i lab le but preliminary results GO not indicate any abnormal i t ies.

GRAIN-SIZE CHARACTERISTICS OF BEACHES ALONG THE ILLINOIS SHORE

A comprehensive statist ical study of the grain s i ze of beach material
a long the Illinois shore is beyond the scope of this study, even tnougn tne
reoort would benefit from such information. Knowlecge of the approx imate
grain s ize and sorting coeff ic ient, however, is cr i t ical in determining tne
capaci ty of a given grain s ize to remain stable on an Ill inois neach unoer
anticipated conditions.

The grain-size distribution on a Lake Michigan beach will vary
seasonal ly or even daily, due to storms, lake level changes, wave c l imate,
etc., but these changes are generally not as extreme as those that occur on
oceanic beaches. Grain-s ize variat ions also exist along the beach
deoending on protection of the beach from waves, angle of incoming waves,
nearshore slope, etc. They also exist across the beach with the nost
extreme var iat ions occurring near the swash zone. Thus one or two samples
taken on a beach compared with samples taicen at other times and from otner
beaches are not suff icient to c lassi fy beaches into categories with any
confidence unless the grain sizes tend to be consistent within some range.
The Illinois State Geological Survey has collected samples at various tines
under various conditions along the Illinois shore with nost samples
concentrated in the Illinois Beach State Park. Three different beach
prof i les were shown with 5 to 10 samples per profi le. The sample with the
finest grain s ize had a median diameter of about 2.0? (0.25 nm). It was
collected from the swale behind a washover bar.

In 1952, a report was published by the Illinois Department of Publ ic
Works and Buildings, Division of Waterways which shows grain-size data for
the years 19*6 and 1950 at numerous locations along tne entire Il l inois
shore (table 5). The 1946 data are only for the water 's edge (probably
swash zone) and the 1950 data for the water 's edge and mid-beach. The
samples were probably collected in a consistent manner over a relatively
snort time interval for eVch of the two years, tnereby providing a range of
values for comparison with the nearshore sediment values. Table 6 shows
tne smallest grain-size diameter to be 2.75? (0.15 nm) for samples taken in
1950 from the north s.ide of the northern Waukegan Harbor jetty. Only 16
values of the 62 grain-size values for 1946 and 1950 are finer than 2.0f
(0.25 mm). The grain sizes for the mid-beach samples are more closely
grouped and give a good indication of what would be stable on the inac t ive
beach. The lowest value is 2.65? (0.16 mm) but 14 out of 19 values occur
between 2.35 (0.20 mm) and 1.6? (0.33 mm) with an average of 1.99? (0.256
mm) for these 14 values. These data suggest that material of an average
grain size of 2.0? (0.25 mm) may be stable on the inactive beach but that a
larger grain s ize is required for stability on the active beach.



Berg (1980), in a companion report, has compiled detail.ec! information
-n tne grain size specif icat icns of nourishment material emplaced on
severa l public beaches along the Il l inois shore. Berg reported that the
Nort.i Shore Sanitary District emplaced a pea gravel material (approximately
-3.3? or 8 fin) along the shore in both Lake Bluff and Highland Park at
severa l times since 1973. This material has been very stable over the
sncrt time interval during which higher than normal lake leve ls have
preva i led . In 1978, material with a mean grain size of -1.31? (2 .5 m) ,
was enplaced along part of the Fort Sheridan shore as part of a Corps of
Engineers b luf f erosion control program. This project area, however, has
net had suf f ic ient time for a rel iable test. The city of Evanston
nourisned its beacnes with material which required a specified mean grain
s i z e of at least. 1.03? or 0.484 mm (U.S. House of Representatives, 1965).
In tie sane report, sand from the lake bottom at Wilmette Harbor and at
jacKSon Park, which had respective grain sizes of 2.18? (0.221 mm) and
2.12? (0.230 mm), was considered unsuitable for nourishment of Evanston
Seacnes.

3erg (1980) briefly commented on criteria used by others in
re^ourishing depleted beaches and their results. The conclusion is that
renourishment material should be similar to the native beach in its grain
s ize aistribution or if possible slightly coarser material should be
util ized. On some beaches,.it may be possible to use a sediment of a finer
grain s ize than the native material provided the native material is
relat ively coarse and that the beach is stable. In these instances, the
beach and nearshore profiles readjust to the finer sediment by forming a
:nors gentle slope. One such example might be an unprotected beach which
nas gained some wave protection either naturally or artificially. Staole
ieacnes, however, are seldom nourished because they are stable. Beacnes
are generally renourished because they are unstable. Hobson (1977) has
incicated in cases where erosion is prevalent, that the grain s ize of the
native or present material is not coarse enough to provide stabil i ty and
t.iat any renourisnnent material should be somewhat coarser than the native
sediment.

\Jhat is the minimum grain size that can be used in renourishment of
:eacnes? This depends greatly on the particular situation, but Bascom
(1951, p. 869) after an intensive study of aoout 40 beaches on the West
Coas t , indicated that "wave action, even in the most protected locations,
seems to remove sand smaller than 0.17 mm from the beach face." In tables
2 and 4, the percentage of sediment coarser than 2.5? (0.18 mm), but not
including boreholes with gravel pockets, varies between 5.2 and 45.8% in
the boreholes around Waukegan Harbor. The percentage of sediment coarser
tnan 2.0? (0.25 mm), which the city'of Evanston would prooaoly consider too
fine to b.e used on their beacnes, var ies from 2.6t to 22.71 for those sane
boreholes. Sediment of the 2.0? and larger size would most l ikely be
incorporated into the native beach material, but this grain size forms such
a small portion of the borrow area, that larger overfill factors would
result. (An overfi l l factor is the additional amount of material needed
from a borrow area in order to produce a specified volume of sediment that
is equivalent to the native material in grain size distribution.) A lso ,
seme of the 2? size fraction might be lost with the main mass of finer
-sediment during the large winnowing action.



If sediment from Area A (the coarses t main a r e ? ) , w a s u t i l i zed as a
borrow area and if sediment coarser than 2.5? was found to be s tab le on
speci f ic beaches, then about 28* ( a v e r a g i n g 11 borenoles in Area A) of the
sediment is coarser than 2.5? and approximately 3.5 tines the spec i f i ed
volume of sediment is required to produce a volume wi th the minimum gra in
s i ze of 2.5?. If the minimum grain s i ze is deened to be 2.0?, then about
10* of the sediment is coarser than 2.0? and approximately 10 t imes tne
specified volume is required.

Several sedimentologists (Krunbein and James, 1965; Dean, 1974; James,
1974, 1975) have devised mathematical models and formulas to use in
estimating conpatioi1ity of borrow and native sediments along wi th over- i l l
factors when these two sediments are not total ly comoatible. Hobson ( 1 9 7 7 )
has compared these models and the model which seemed to take most
parameters into considerat ion was tne adjusted SPM method of Janes ( 1 5 7 5 ) .
This method assumes that losses to the fill material will be from all s i zes
finer than the crit ical s i z e but that material coarser than tne cr i t ical
s ize willb e retained. Estimates of this overf i l l rat io can se obtained by
using the graph in figure 4. The information required to use tne c^aph are
the phi mean grain size and phi sorting coefficient (standard deviation)
for both native and borrow composites. The mean grain s ize ( ^) for Borrow
Area A averaged 3.08? (0.12 mm) for the 9 boreholes of 1979 and the average
of the sorting coefficient ( &) is 0.81. The sort ing coef f i c ien t is
probably a little hign as it should be determined from a composite mixed
sample rather than from arithmetic averaging of several composite samples.
For the native sediments some assumptions will need to be made in order to
determine values for n and n. From an analysis of Table 6 g iven ear l ier ,
a minimum average n is probably greater than 2.0? (0.25 mn), but we wil l
use n * 2.0? in this case. Sorting coeff ic ients of the beach samples were
not given in the report by the Illinois Divis ion of Waterways (1952) .
However, beach sediment is normally moderately sorted ( * 0.7 to 1.0) to
poorly sorted ( » 1.0 to 2.0). Values lower than 0.7 and higher tnan 2.0
also occur. Bascom (1951) noted that sorting coef f ic ients of beach face
sand were usually between 1.1 and 1.3. Unpublished data from beach samples
in Illinois Beacn State Park also indicate is often greater tnan 1.0, but
in tnis hypothetical case, n is set at 1.0. The phi mean d i f fe rence and
phi sorting ratio are calculated from the four values given and tne
intersection of the two ratios are shown by the star in figure 4. This
point lies within the unstable fill area but close to the fill factor
isoline of 10.0. In addition to the phi mean and phi sorting for Area A as
a whole, values for each individual borehole were calculated and marked on
the graph in figure 4. Individual boreholes again fall wi th in the unstable
fill area although four boreholes fall near overf i l l factor i so l ines of 3,
7, and 10. If the mean grain s ize dif ference of the borrow and nat ive
sediment -increases or the sorting coeff ic ient of the borrow material is
lower or the sorting coefficient of the native beach is higher, then the
plot of the points will be farther away from the overf i l l iso l ines.

•*»
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fê
•̂

I
q

|-

Q
I-*'

^

i
1
i
1

i
1
1
>

1



WAUKEGAN CD" SITE SELECTION STUDY SUPPLEMEN

rto*CT SITE:

ITIM
MO. OUA^TTTT

UMTT
MBCI

/*• STONE DiKr.
ei.

(X, | tALAVAiiUW st.ooo cv "

A - STONE 2. 100 now A.I..CO 5 .CC

B - STONE 7.5 - \5O Ub TONJl "iS.OO

C - STONE - 53 L =5 2.Q-OO
1

PREPARED LIME STONE s .000 TOKSI ri. oo
FILTER SAND 1.1.OO ICY \ O, CO

FILTER FABRIC 5.60O SV 5 -QQ

CAP

1
(.LA I UA1C.A. <t-" . COO 1 CV 1 \c« OO

~i i ,000 A..OO

"1 , COO I SV C=.OO

g -TOT; vtrn TTT>T r V_ S

TOT AT •) J. 7 J. =.02

E & D- tor

S & A

TOTAT

DREDGING AND PLACING IN CDr

INCL. CONTINGENCIES . E & P ANTl *» \Oi.riOOifi

T OT /K \_ —

CV

1731

._,-~.. . « - • • • • 48^,.. ^_--t̂ ..-..



'.WAUKEGAN C? SITE SELECTION STUDY SUPPLEMENT

"SI
I

.'SITE: S 5> - 1

BuoimoM

1 -

:_

^

a

c

A

s.

~

*

1_

K

V

C

c*

C - SiONi i ul - *c Li-

?R£?ARZD LLUt Sluiit

CA?

SAND LAYER

GRAVEL 6"

PAVEMENT

TOTAL 1-2

CONTINGENCIES

CONSTRUCTION COST

E & D

S & A

TOTAL

C DREDGING AND PLACING IN CDF
Iwc.. CSM~MC.' ̂ 3-we.ics , fta ^ S* A.

TcT.jk v_

"

OUAMTTTT

H . OOQ

vo.. OOO

UNIT

CV

TOM

__ _J
WMTT

fe. o o

A-S. C C
1 —

IV COO iTokJ

n ,coa

3 4. ,COO

3.000

~ , AC 0

•2.1 .OOO

-4-7.. OOO

ist-.COO

£-t_.COG

152-

IDS

6%

TOO

TotO

c^
^

S^

cy

CV

«»y

iV

""•ft. CO

^.o . oo

CL. OO

1C. CC

5 . O O

c. ^c

I O . O O

4-. OO

6. co

-

»*«« i. CT ,

~^^zr
•I (.,- ~~3

e. - - .^ -, ^

l i t , SCO

A.-«i c « A

*ir "-O

'i' C"-*"

IJs* ..tCC

<*-L^ C-"^

t.A.0. C^O

-i-- «->r

•a. 4 i. ^ QPO

— C.- r*~~

I
1 1

2-\a .OCO C-^ 1 LV f-f*
|
1 1

1
1

1

^

*w
*^b , ̂  \ ̂ - COO

•=••1 rev"
1=5 ccc

j. -
ii A. -xO ..^on

7.. si.1* ccr
w^

""• . * 'a * C T C

i 1 -

1 1





o

Co

: cc

o

WAUKEGAN HAR30R, ILLINOIS

CONFINED DREDGED MATERIAL
DISPOSAL FACILITY

SITE SELECTION STUDY
Supplement

Attachment 4
PRELIMINARY ENVIRONMENTAL

ASSESSMENT



PRELIMINARY ENVIRONMENTAL ASSESSMENT
OF

SITE 9, WAUKEGAN HARBOR, ILLINOIS
MAINTENANCE DREDGING ANf]

CONFINED DISPOSAL FACILITY
(SUPPLEMENTAL SITE SELECTION REPORT)

MAY 1986

NCCPO-S
U.S. Army Corps of Engineer?

219 S. Dearborn St.
Chicago, Illinois 60604



SECTION 1

PURPOSE AND NEED FOR ACTION

-T;£ *s-;sfing Federal Navigation Project at Waukegan Harbor was
^.^--^.-~< i'jtr.ori zed by the River and Hareor Act of 1* June 1880 and by

''. +Zyez**'-. acts of 1882, 1902, 1930, 19*5, 1965, and 1970. The harbor was
"^ c-srccec in 1969. The existing project 1s described in the main body
^"--a s'te selection report of which this preliminary assessment 1s part.

"Tne :»jrrose of the recornmended work 1s to saintain harbor navigation
-.^ ccrxr.ercial and recreational) by periodic dredging to authorized

^^rs. ~.i «~e Federal channel and by maintenance of existing Federal
^-•jzm-~£. The need for dredging in Waukegan Harbor arises from the
^^-^ri: formation of shoals and sedimentation, which decrease channel
yc^s. to less than what is needed. The estimated backlog of sediments
^•T-T. t-e Federal channel in 1986 is approxisately 135,000 cubic yards
._2. A-=-y Corps of Engineers, 1984). This includes 75,000 cuoic yards of
^--ri^-trc, sandy sediment in the outer channel which will not require
'-•rr'-rj-c cisscsal and 60,000 cubic yards of polluted sediments. In addi-
vr-, u: ts 127,500 more cubic yards of polluted haroor sediments outside
? ~* 2-tr.orized Federal channel may also be credged. These polluted
ver-.-aerts contain high levels of many contaminants and PC3s between 1 and
i~ rrz ar*d will require confined disposal. Dredging Is needed in order to
ta-ns'in t~e authorized navigation depth and to reracve contaminants from
~* sririranoent. If the harbor is not dredged botton sediments will con-

/» tc iuild uo and PC3s and other pollutants will resiain within the
n~^ »-vironnent.



S E C T I O N 2

ALTERNATIVES

PLANS ELIMINATED FROM FURTHER STUDY

Fifteen alternative sites were evaluated for selection as disposal
si tes between August 1982 and April 1984. As a result of meetings witn the
Il l inois DOT (Div is ion of Water Resources), Illinois EPA, U.S. E P A ,
Uaukegan Port District, Lake County Planning Commission, *nd Lake County
Health Department, ill but three upland sites (sites 1, 4, and 16V were
eliminated from further consideration. All fifteen sites were discussed in
a preliminary assessment included 1n the April 1984 site selection report.

Site 9 was eliminated from further consideration at an Interagency
meeting on 19 May 1983 for environmental reasons, but is again being
considered as a COF site.

NO-ACTION ALTERNATIVE

The no-action alternative would consist of not dredging the Federal
navigation channel within the harbor thereby eliminating the need for a
confined disposal facility (COF). The overall environmental conditions
wil l remain as they currently exist except that sediments will continue to
build up within the channel.

PROPOSED PLAN (SITE 9)

The proposed plan calls for dredging the Federal navigation channel
and other areas within the harbor and placing the polluted sediments within
a CDF. The CDF would be filled and capoed 1n one season. It would be
located at Site 9 of the previous site selection study (U.S. Army Corps of
Engineers', 1984). This site 1s located in Lake Michigan adjacent to the
south jetty wall of Waukegan Harbor (Plate 1). Four COF plans are proposed
near the mouth of the Waukegan River (Plans 9A1, 9A2, 981, and 982). They
vary in snape.and size, but are located in almost exactly the same location
at Si te 9. This proposed plan 1s discussed in detail 1n the supplemental
site selection report of which this assessment Is part.

COMPARATIVE IMPACTS OF ALTERNATIVES

Since four COF plans are proposed for the same site and vary only in
shape and size, their environmental Impacts will be relatively equal. The
significant adverse environmental Impacts of Maintenance dredging and COF
construction/operation would be 1) * temporary Increase 1n turbidity during
dredging and construction and 2) loss of about 15 acres of aquatic habitat
through conversion to landfill. The principal adverse Impact of the no-
action plan would be the hindrance to navigation resulting from accumula-
tion of sediment in the Federal channel and potential for continued PCB
contamination of Lake Michigan.



SECTION 3

AFFECTED ENVIRONMENT

GENERAL ENVIRONMENTAL CONDITIONS

The Waukegan Harbor study area lies along Lake Michigan 1n Lake County,
Illinois. The area is primarily residential and commercial/Industrial.
The area immediately surrounding the harbor and the proposed COF site is
primarily composed of active and abandoned Industries.

The area experiences warm, humid summers and cold snowy winters.
Average precipitation is around 33 Inches per year Including an average of
39 inches of snowfall. In summer the average temperature Is 71°F while in
winter the average temperature is 25°F. Area weather 1s controlled, in
part, by the "lake effect". In late fall and winter *1r masses that are
initially very cold often reach the area after tempered by passage over the
lake. In late spring and summer air masses reaching the area from the
north, northeast, or east are cooler because of the movement over the Great
Lakes.

Lake County is 1n the Wheaton Moralnal country of the Great Lakes
section of the Central Lowland province. In general, 1t has gently sloping
relief and poorly defined drainage patterns. Many drainage ways terminate
in marshes and depressions. The extreme eastern edge of the county for two
to three miles Inland drains Into Lake Michigan which serves as a water
source for most of Waukegan and surrounding communities (U.S. Army Corps of
Engineers, 1984).

PHYSICAL AND GROUNOWATER RESOURCES

The selected site for the proposed COF 1s an open water location, with
depths of 5 to 10 feet along a rubble/riprap filled shoreline, in a semi -
deserted industrial area near the mouth of tne Waukegan River.

No use of groundwater for Industrial, commercial, municipal, or
residential purposes 1s known near the proposed COF.

SEDIMENT QUALITY

Physically the bottom sediments of the Federal channel at Uaukegan
Harbor are of two basic types. The bottom sediments along the nortn pier
and in the entrance channel are mostly sand and silty-sand. These
sediments most probably represent littoral drift, or sand blown over the
north pier from the beach area above of the harbor. The second basic type
of bottom sediments 1n Waukegan Harbor are sandy-clay and silts present in
the Inner harbor areas.



Chemica l ly , the sediments of Waukegan Harbor were eva luated based on
the "Guidel ines for the Pol lut ional C l a s s i f i c a t i o n of Great Lakes Haroor
Sediments" (U.S. Environmental Protection Agency, 1977). These guidelines
were developed to meet the need for "immediate decisions regarding the
disposal of dredged material" . The guidelines are based on several
assumptions including:

"The var iabi l i ty of the sampling and analytical techniques
is such that the assessment of any samples must be based
on all factors and not on any single parameter with the
exception of mercury and polychlorinated biphenyls (PCB 's ) . "

The sand and si l ty-sand sediments were generally not polluted with
metals or organic contaminants. A summary of the pollution c lass i f i ca t i on
of samples from this area is shown on Table 1.

The sandy-clay and silty sediments of the inner harbor areas are
characterized as "moderately" to "heavily polluted" with some heavy metals
and "moderately polluted" with organic matter and nutrients. A summary of
tne pollutional c lassi f icat ion of these sediment samples is shown in Table
2.

The concentration of PCB's in the bottom sediments of Waukegan Harbor
varies with location and depth. The U.S. Environmental Protection Agency
(1981) divided the harbor into areas of specific PCS concentrations
(Plate 3 of Site Selection Study). All areas of the Federal channel are
identified as having PCS concentrations less than 50 ppm. Grab and core
samples of the sandy-clay and silty sediments of the inner naroor contained
PC3 levels well below 50 ppm (U.S. Army Corps of Engineers, 1983).
Analys is of the silty-sand and sand sediments showed Pi.8 concentrations
less than 1.0 ppm throughout (U.S. Army Corps of Engineers, 1981).

Elutriate tests are designed to demonstrate the release or solubi l izat ion
of contaminants during dredging and/or disposal. The standard elutriate
test was developed to evaluate the impacts of open water disposal of
hyaraul ically dredged materials. A sediment and water mixture is prepared
ana agitated. The soluble fraction is then analyzed for contaminants.
Standard elutriate tests conducted with Waukegan Haroor sediments (U.S.
Army Corps of Engineers, 1982) demonstrated little or no release of con-
taminants into solution. These results are in agreement with the findings
of the Corps' Dredged Material Research Program which conducted exhaustive
test ing of dredged material around the country. Most heavy metals were
found to be tightly bound to the silty-clay particles of urban sediments.

Chlorinated hydrocarbons are very hydrophobic substances. PCB's in the
environment are adsorbed onto soil/sediment particles. In Waukegan Hartjor
the PCB 's present are tightly bound to the organic silts and clays of the
upper harbor and are not readily leached into solution.



le 1 Summary of pol lut ion c l a s s i f i c a t i o n
of sand and s i l ty-sand sediment samples

Volat i le Solids

Chemical Oxygen Demand

Oil and Grease

Ammonia-Nitrogen

Total Kjeldahl Nitrogen

Phosphorous

Manganese

Non-
Polluted

19

19

19

17

18

19

13

4

15

Moderately
Polluted

1

1

2

10

4

Heavily
Polluted

""' 1

1

5

18

9

19

18

16
*

19

16

* lower limits not established



Table 2 Summary of pol lut ion c lar i f icat ion
of sandy-clay and silty sediment samples

PARAMETER

Volat i le Sol ids

Chemical Oxygen Demand

Oil and Grease

Amnon la-Nitrogen

Total Kjeldahl Nitrogen

Phosphorous

Cyanide

Arsenic

Ba ri urn

Cadmi urn

Chromium

Copper

Iron

Lead

Manganese

Mercury

Nickel

Zinc

Non-
Polluted

6

7

8

6

6

10

6

3

*

9

2

. 10

5

3

*

10

3

Moderately
Polluted

3

3

2

4

4

3

4

8

*

5

3

2

6

*

5

• Heavily
Polluted

5

-..

1

11

4

1

1

5

8

1

2

* lower Limits not established



An estimated 75,000 cubic yards of sand and silty-sand sediments having
little or no organic or metal contaminants and PCS levels less than 1.0 ppm
will require removal. These sediments could be used as beach nourishment,
construction fill, or disposed of in open water. An estimated 187,500
cubic yards of polluted sandy-clay and silty sediments from the Federal
channel and other areas of the harbor will require removal and placement in
a CDF.

WATER QUALITY

At the present time extensive, recent water quality data for Waukegan
Harbor and the Lake Michigan shoreline near Waukegan is lacking. However,
the U.S. EPA reports that PCS levels 1n harbor waters, nearshore area
waters, and open lake waters are all exceeding current water quality stan-
dards. These elevated levels are of concern due to bioaccumulation in fish
and possible human contamination by eating these fish. PCS levels 1n open
lake waters range from 5 to 10 ppt (parts per trillion), and up to 50 ppt in
nearshore waters. These levels are substantially above U.S. EPA recom-
mended levels of one ppt or less which is designed to reduce PCS's in fish
to levels that are acceptable for human consumption. PCS levels in
Waukegan Harbor waters are substantially higher-and range from less than
100 ppt in the harbor channel to several thousand ppt 1n Slip 13 (U.S.
Environmental Protection Agency 1981).

These PCS levels are presently not considered to be a threat to the
auxiliary public water supply intake which 1s located within the harbor
channel and is used only one or two days a year. Monitoring of water taken
in during periods of use has always shown PCS levels well below the current
U.S EPA recommended maximum of one ppb (1,000 ppt). In addition, this
water is treated before public use and PCB's have not been detected in the
treated water (U.S. Environmental Protection Agency 1981).

As this project progresses more water quality Information will be
Incorporated into future reports. Water sampling and analysis for other
contaminants will be obtained as necessary at the harbor, proposed COF
site, and near shore waters near the harbor.

ACUATIC COMMUNITIES
Research on present conditions in the study area (Lake Michigan near

the mouth of the Waukegan River) 1s not available. The closest location
with available data to the study area 1s approximately 2 miles north (near
the Waukegan Generating Station). Stations 23, 25 and 27 of an Investiga-
tion by Commonwealth Edison (1972) refer to a sampling location 2 miles
north of the study area at depth contours of 10 ft, 20 ft and 60 ft,
respectively, for phytoplankton and zooplankton. Stations 23, 24, 25, 25
and 41, 42, 43, 44 refer to 10, 20, 30 and 40 feet contours, respectively
for 8 locations 1n the same area for benthlc Invertebrates. Farther north
of this area, the Investigators had 12 more phytoplankton and zooplankton
stations and 32 more northerly sites for benthos. Six sampling zones were
established between station 23 and Zion for fish sampling. Since fish are
far more mobile than invertebrates all six zones and all methods used in
this investigation are considered near the study area (Lake Michigan near
the mouth of the Waukegan River).

8



Phytop!ankton

The phytoplankton in Lake Michigan is dominated by diatoms with blue-
green and occasionally green algae. The southern end of the lake (Chicago
area) has two major phytoplankton (blooms) pulses: one in spring, the
other in the fal l . (Great Lakes Basin Commission (GL8C, 1976). The spring
pulse consists almost entirely of diatoms, including species of
Aster ionel la , Cyclotel la, Fraqilaria, Steohanodiscus, Tabellaria and
ffelosira; out populations of blue-green algae, for example Microcystis and
Aonani zomenon, mix with these diatoms 1n the fall pulse. Pilings ana
suomerged structures are covered with mats of green algae (usually
Cladoohera) up to several Inches long (USAGE, 1969; verified by telephone
conversat ion with Bill Schmeelk, MSOGC on 4-23-86 as a still viable
description of southern Lake Michigan phytoplankton).

Industrial Biotest Laboratories, Inc working for Commonwealth Edison
(CEC) in 1972 identified 349 taxa representing 116 genera from six algal
divisions in Lake Michigan near Uaukegan and Zlon, Illinois (CEC, 1972).
The most abundant (dominant) taxa for the area near the Waukegan Generating
Station are listed in Table 3.

The dominant phytoplankton are the diatoms, Steohanodiscus binderanus
and S. hantzchil vel tenuis by number and the diatom, RhizosbTema eriensis

stations nearest the study area"! The insnore sta-D y Y o I urnc • n to c tn i cc • » » » • » • • » •••**» HV »• -» w » »j w< » « * •«« • i •«• > >
tion (23) had the greatest abundance of Chlorophyta (Green algae),
phytoplankton and Tabellaria floceulosa than any other stations in
investigation.

total
the

An associated part of the phytoplankton investigation was a produc-
tivity study using light-dark bottle estimates of carton fixation rates and
cnlorophyll a_ concentrations.

Since station 23 had significantly reduced phytoplankton productivity
(carbon fixation rates) by comparison with other stations 1n this
investigation, these data may not be very representative of what might be
expected in the study area farther from the impacts of the Waukegan
Generating Station. Total Chlorine at Station 23 (0.14 mg/1) may have an
inhibiting effect on the nearshore biota (due to the combined effect of the
power plant and the North Shore Sanitary District's Waukegan Sewage
Treatment Plant). However mean yearly enumerations of the majority of the
algal groups and dominant taxa were greater at these three stations than at
more northerly ones.

Zooplankton

Oiaptomid copepods dominate the biomass of the zooplankton; however,
protozoans and rotifers may also be present 1n great numbers. Cladocerans
are abundant during the summer. There appears to be one major zooplankton
peak annually. The oppossum shrimp, Mys1s relicta. and the amphlpod,
PontooereJa affinis, are dominant 1n deep, colder waters. The shallow
v«ater fauna are somewhat typical of smaller lakes. Benthlc species Include
nidge larvae, ollgochaete worms and sphaerHd clams. Also Included are
snails and nymphs of the mayfly and caddlsfly (USAGE, 1969).



Table 3. (raid wan ranking of «jor algal divisions ami dnnlnant taxa

location 21

Centrales
females
Bactllartophyta total
Chlonfttfta
ChrysajtyU
Cyanqfcyta
Total rtytoplankton

SUftfunarilscus btntennus
Stettandlscus hantischll vel tenuls
Rhlmsolenla erlmls
Tahellarla nocculoia
Fragllaria crotancnsls
feterionella fonnsa
Dxystls lacuslrls
Dinobryon divergens
Cnelo6fhaerlu« naeqellanui

Rank

1
2

4
S
3

1
2
5
3
4
6
9
8
7

"TlqMiflfing
uiilsMI

1102
ft£A

Irac
AA

32
154

2113

fM
231
9S

135
in
77
I

10
75

1
Occurrence

m i
2 a

1.5
7.3

100

12.1
11.0
4.5
6.4
6.2
3.6
O.I
0.5
3.6

Rank

1
2

4
6
3

1
2
4
3
5
6
9
B
7

near 7lon and U**egm. Illinois. 1472. (from ffC. 1972)

Location 25 location 27
Reporting "
inits l̂

1%5
911

1873
M
3fl

1)4
2119

287
%8
102
129
99
82
2

14
»

1
Occurrence

ffi.4
2.4
1.8
6.3

im
11.5
12.7
4.8
6.1
4.7
1.9
O.I
0.7
3.7

Rank.

1
2
—

4
5
3
-

4
3
7
1
2
6
9
a
5

mipomng
utltsMI

810
528

1118
47
44

168
1601

128
143
57

159
150
62

2
19

100

1
fccurrence

83.6
2.9
1.8

10.5
100

8.0
8.9
3.6
9.9
9.4
3.9
O.I
1.2
6.)

______Tamn

Centrales
females
BaclllarlojtyU total
Oilorophyta
CrysopVU

Wcroliters/
Rank liter tor* liter Occurrence Rank

Wcrollters/ i
liter Occurrence

Total Hytoplankton

Stefhanorlltqis blnrterams
SaJiarndlscus KntlscW vel Unuis
"' - - - - ' 'ier!i«ff
TabeTlaria Tlocculosa
Frazil aria* crotoncnsTs
XLterloneDa'fomosa

iaaistrla

1
2

3
4
5

2
4
1
3
S
B
7
6
«J

0.45S
0.256
o.m
0.109
0.046
0.011
0.906

0.111
0.035
0.2)4
0.102
O.ftll
0.014
O.IPO
O.ltfJ
0.11)2

7B.S
12 0»*- »*•

5.1
3.4

ino
14.5
3.9

XJ\
11.3
3.4
1.6
2.2
2.5
0.2

1
2

3
4
5
-

2
7
1
3
6
II
4
5
9

0.443
0.254
0.697
0.119
0.062
0.042
0.936

0.141
0.011
0.258
0.115
0.011
0.017
O.IM
O.IIM
0.11)2

74.5
12.7
6.6
4.5

100

15.1
3.3

27.6
12.3
3.5
1.8
5.1
3.6
0.2

1
2
-
3
5
3
-

2
7
1
1
4
a
6
5
0

0.374
0.112
0.606
O.I 10
0.066
O.IIQ
0.904

0.114
. ' ' 0.022

0.110
0.164
O.OS3
0.016
0.0)7
0.04)
0.11)2

89.7
11.2
6.7

11.2 •
mo

11.6
2.2

11.2
16.7
5.4
1.6
3.8
4.4
0.2



Industrial Biotest also sampled stations 23, 25 and 27 for zocolan ic ton
and summaries of this investigation can be found in Table 4. Note that
during this Investigation Cladocera, especially Bosmina lonqirostris
dominate the zooplankton catch and the percent occurrence of tms organism
decreases as one proceeds away from shore (from 501 to 211). B_._
1onqirostr1_s_ was the dominant organism caught in this investigation (CEC,
1972). The fact that other Sosmina species are not taken leads some
investigators to use B. longi rostrfs as a replacement for B. coreqoni due
to increased eutrophication. However, B. longirostris was present in
ol igotrophic Lake Huron as early as 1911T7 Also, EuryTemora af'inls and
Cycloos vgrnal 1 s are recent additions to the zoo pi ante ton of Lane Micnigan
(GL3C, 1976).

Benthic invertebrates

Oligochaete worm populations 1n Lake Hichigam are concentrated in the
southern end while amphipods are concentrated In more northern nearshore
areas producing a north-south gradient in the ratio of the two taxa.
Oist-1butions of Peloscolex multlsetosus and Llmnodrllus cervix
(tubificids) seem to concentrate near larger cities indicating pollution
tolerance in these two species. Chicago 1s unique in that these two spe-
cies are not very common near its shores Indicating less pollution since
most sewage effluent 1s passed away from Lake Michigan to the Illinois
River (GL8C, 1976).

Eight localities near the Waukegan Generating Station (approximately 2
miles North of the study area) were sampled for benthlc Invertebrates In
1972 by Industrial Biotest (CEC,1972). Table 5 lists the total numbers of
each taxa for all 8 stations (23-26 and 41-44), depth contours 10-40 ft.
in each transect.

In the Waukegan area the mean abundance of benthos Increased with
sample depth as did total organic carbon content of the sediment.
Crustacae were the most abundant benthic organisms represented almost
entirely by the amphipod Pontooorela aff inis (more abundant at the Waukegan
stations than at more nortnern station's"!Second in abundance throughout
the 40 stations were oligochaete worms. Potamothrlx mo1dav1ens1s and
Llrnnodrilus hoffmeisteH were the dominant tuoificids wnlcn also had higher
mean aounaance in tne Waukegan area as did sphaerHdae (fingernail clams).
Midges (Chironomidae) were low 1n abundance tthroughout the Investigation
and gastropods were rare at all locations (CEC, 1972).

Table 6 reviews tne number of zooplankton and benthic taxa reported in
Lake Michigan the Great Lakes Commission and Commonwealth Edison Company.
194 taxa have been reported in Lake Michigan and 119 taxa were reported
near the-study area (2 miles North) 1n 1972 (GLBC, 1976; CEC, 1972).

Fish

Recreational fishing 1s Important 1n the Waukegan area. Coho salmon
have been stocked to supplement the lake trout fishery. Lake run brook
trout and rainbow trout, as well as Chinook salmon, have also been stocked.
Perch, walleye, bass, carp, drum and bullheads are also part of the
recreational fishery. Commercial fishing has always been an Important

^x

11



TaDle 4. Mean abundance of zooplankton with species ranked according to
-abundance for locations in southwestern Lake Michigan near

1 Waukegan, Illinois, 1972 (from CEC.1972).

Locat ion 23

Oraani sm

Total Zooplankton

Cladocera

Copeporta
Naupl ii
Calanoid copeopdites
Cyclopoid copepodites

Rotifera

Soecies

Bosmina 1on<j1 rostris
Daonnia Petrocurva
Trooocydoos prasinus
Cycloos OicirtOTlatJS thomasi
Oiaotomus spp. (total)
Ceri'oaab'rinia spp.
Oiaotomu! asnlandl male
Oaonnia galeata mendotae
Euoosmina coreaoni
Hiaotomus minutus male
Oiaotomus or'eabnensis male
Limnocal anus macrurus
Leotocora kindtii
turytemora af finis
Cycloos verna'Hs
Diaotamus sfcilis male
Eaiscnura Tac'ust'ris
C.ivnorus ssnaencus

( •JauKeaan)
Orgami sms/

ITT

87,338

49,190

27,752
3,585
1,777

16,998

10,396

44,780
3,668
2.401
1.689
1,147

408
367
165
120
97
90
51
44
41
30
16

3
2

I
Occurrance

56.3

31.3
4.1
2.0

19.5

11.9

51.3
4.2
2.7
1.9
1.3
0.5 '
0.4
0.2
0.1
0.1
0.1
0.1
0.1
.a
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TaDle 4. Continued

locati an

Oraanism

Total Zooplankton

Cladocera

Copepoda
Naupli 1
Calanoid copepodites
Cyclopoid copepodites

Rofifera

Soedes

Bosmina lonqirostris
Daonma retrocurva
Diaotomus spp. (total)
Cyclops bicusoidatus tnomasl
Trooocycloos prasmus
Oiaptomus asnlandi male
Ceriooapnnia spp.
Euoosmina coreqonl
Oiaptomus minutus male
Oiaotomus oreqonensis male
Daonma galeata mendotae
Episcnura lacustris
Limnocalanus macrurus
Qaonnia longirefflis
Diaotomus sici 1 is male
fcurytemora af finis
Diaonanosoma spp.
HoTo peci i urn q"i b b er urn

Location

Organism

Total Zooplankton

Cladocera

Copepoda
Naupin
Calanoid copepodites
Cyclopoid copepodites

25 (^auiceqan
Urganisms/

m^

18,904

21,574
5,153
5,984
7,181

14,517

16,731
1,645
1,324

780
644
502
183
147
126

73
65
39
34
16
15
13
13
10

27 (Wauiceaan)
Organisms/

ITT**

44,736

12, fill

21,416
3,607
6,030
8,967

I
Occurrence

34.4

39.2
9.4

"10.9
13.1

26.4

30.4
2.4
2.4
1.4
1.2
0.9
0.3
0.3
0.2
0.1
0.1
0.1
0.1. a

•*

OCCUPY a nee

28.2

47.9
8.1

13.5
20.0

Rotlfera 10,709 23.9

13.
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Table 6. Number of Species of Major Invertebrate Taxa Reported in
Lake Michigan as of 1976.

(from GL3C, 1976 and CEC, 1972)

Waukegan-
Zion Lake
area___ Michigan

Protozoa (unicel lular animals.) 12 20
Coelenterata (hydra and jel lyf ish) l 2
Rotator ia • ' • f>a.
Copepods . 15 15

Cladocera (water f leas) 24 20
Porifera (sponges) 1
Turbellaria (flat-worms) 1 1
Bryozoa (moss animals) 2

Nenatoda (roundworms) 1 1
Tubificidae (sludgewoms) 16 2*
Enchytraeiae 1 1
Naididae . 5 12
lumoriculidae 1

Polycnaetra
Hirudinae (leeches) 5 1
Sphaeriidae (fingernail clams) 7 19
Unionidae (mussels)
Gastropoda (snai ls) 6 3

Tardigrada (Watersears) - 1
Hydracarina (water mites) 1 1
Osiracoda (seed shrimo) 1 1
Mysidacea (opposum shrimo) 1 1
Isopoca (aquatic sowbugs) 2

Amonipoda (scuds) 2 2
Decoooda (shrimp and crayfish)
Chironomidae (midges) IS 1
Otner Oiptara
Neuroptera

Hemiptera
Plecootera (stonefHes) 1
Odonata (damsel files)
Trichoptera (caddlsflies)
Ephemeroptera (mayflies) 1
Coleoptera (beetles) 1

Total species 119 194
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activity in
dollar value
herring were
chub made up
replaced as
now dominate
The dominant
landings (in
(5,7134,000
The alewife
Michigan the
1975).

the Lake Michigan basin, although the catch has declined in
over the years. Originally, lake trout, whitefish, and
the principal catches. As these declined, yellow perch and
a large portion of the catch. Recently, even these have been

dominant catch components; carp, whitefish, chubs and alewives
the catch, with the latter only a marginally economic fish,
species in the commercial catch, ranked according to 1971
pounds), are as follows: alewife (29,660,000 Ibs.), chubs
Ibs.), whitefish (2,894,000 Ibs.), and carp (2,464,000 Ibs.).
forage base and generally good water quality have made Lake
top producer of trout and salmon 1n the Great Lakes (GL8C,

Yellow'perch consistently provided a catch between 1.0 and 3.4 million
pounds in the period from 1900-1960. In 1961 the catch doubled to 5
million Ibs. and peaked at 5.8 million Ibs. in 1964. In 1968 the catch
declined to 632,000 Ibs. Michigan closed its commercial fishery and popu-
lations are recovering. Alewife peaked during its nuisance period
(1965-1979) to 41.9 million Ibs. 1n 1967. Current alewife population has
stabilized at 25 million Ibs/yr. Smelt peaked 1n 1959 at 9.1 million Ibs.
and has leveled off to 1.5 million Ibs/yr. The Lake Michigan salmonid
catch is 1n excess of 1.7 million fish/yr (GL8C, 1975).

Industrial Biotest sample adult fish by trawl, gill nets and minnow
seine north of the study area in 1972 between Zion and Waukegan. This
sampling yielded 19,200 Ibs consisting of 28 species with alewife and smelt
representing 86% by weight and 981 by number. Sport fish (lake trout, Chi-
nook and coho salmon, brown and rainbow trout) accounted for 61 of the
catch by weight and 1/21 by number. Yellow perch was the 4th most abundant
fish taken and were concentrated at depths of <12 feet in the summer.
Young of the year alewife, smelt, yellow perch, white sucker and trout-
perch were collected as well as. eggs and larvae of alewife and smelt indi-
cating spawning in the vicinity. The inshore area under the Influence of
the Waukegan plume (power generating plant) did not attract larger numoer
of any species of fish. Table 7 lists the relative catch by numoer and
weight of the 23 species taken in this investigation (CEC, 1972).

Table 7. Fish collected in the Waukegan-Z1on sampling area,
June-December 1972, all sampling methods.

1.
2.
3.
4.
5.
6.
7.
8.
9.

Soecies

Alewife
Smelt
Bloater
Yellow perch
Sculpin
Spottail shiner
Lake trout
Fathead minnow
White sucker

Total
Number

231554
70700

4018
1327

353
330
221
137

93

*
M

74.92
22.87

1.30
0.43
0.11
0.11
0.07
0.04
0.03

Total Weight
(KO)

6636.099
889.510
368.226
151.643

2.937
3.992

393.085
0.207

16.960

I

76.01
10.19
4.22
1.74
0.03
0.05
4.50
0.00
0.19
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Table 7. Continued

10.
11.
12.
13.
U.
15.
15.
17.
13.
19.
20.
21.
22.
23.
2*.
25.
25.
27.
23.

Coho salmon
Troutperch
Brown trout
Chinook salmon
Carp
Ninespine st ickleback
Longnose dace
Lake whi te f ish*
Rainbow trout
Emerald shiner
Longnose sucker*
Brook' st ickleback
Golden shiner
Gizzard Shad
Central Mudminnow
Largemouth Bass
Whi te Crappie
Burbot
Herring

80
73
38
27
26
26
25
16

9
8
4
2
2
2
1
1
1
1
1

0.03
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

93.421
0.710

45.301
14.628
76.810

0.071
0.106

19.485
12.709

0.025 '•
1.540
0.002
0.006
1.190
0.002
0.020
0.085
0.850

' 0.600

8727.221 Kg.
19199.886 Ibs.

1.07
0.01
0.52
0.17
0.88
0.00
0.00
0.22
0.15
0.00
0.02
0.00
0.00
0.01
0.00
0.00
0.00
0.01
0.01

itate inreatened Species

AQUATIC RESOURCES

SUMMARY

All of the aforementioned data was either lakeside or between Zion and
Waukegan Generating Station (2 miles North of the study area). No aquatic
data is known to exist from the proposed COF site 9 near the mouth of the
Waukegan River or from the harbor where the dredging would occur. Nor is
tnere any known biological data from the Waukegan River inland from the
study area. The only other Investigations are PCS fish tissue analysis of
15 samoles of Waukegan harbor fish and a 30 day exposure of caged
(uncontaminated) fish (bluegills and yellow perch) into Slip 13 (Superfund
site candidate contaminated with PCB's). The fish tissue analyses resulted
in an average PCS concentration of 18 pom with all samples exceeding the 5
pom FDA guideline and all but one exceeded the 2 pom, the new proposed
guideline. The second study resulted in 20 ppm PCB levels in bluegills and
12 ppm in. yellow perch. After 84 days in cleaner water these levels did
not drop below 8 ppm (USEPA, 1981).

TERRESTRIAL RESOURCES

A wide variety of bird species use the Lake Michigan shoreline habitat
in the Chicago region (Table 8). Many species migrate through the region
and rest and forage on such habitat on a seasonal basis. A preliminary
site inspection of the area on 22 April, 1986 revealed fairly heavy use of
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8
The Birds of the Chicago Region

Lake Michigan Shoreline

Horned-Grebe
Pied-billed Grebe
Eared Grebe
Great Blue Heron
81ack-crowned Night Heron *
Double-crested Comorant*
Commaon Loon
Common Goldeneye
Ruddy Duck'
Lesser Scaup
Greater Scaup
Common Merganser
Red-breasted Merganser
Canadian Goose
Mallard
Black Duck
Bufflehead
Semipalmated Plover
Killdeer
American Golden Plover
Black-bellied Plover
Piping Plover **
Ruddy Turnstone
Common Snipe
Spotted Sandpiper
Solitary Sandpiper
Greater Yel lowlegs
Lasser Yel lowlegs
Pectoral Sandpiper
Sa i rd ' s Sandpiper
Least Sandpiper
Dun!i n
Short-billed Oowitcher
Semipalmated Sandpiper
Sanderling
Bonoparte's Bull
Herring Gull
Ring-bi1 led Gull
Forster's Tern *

* State Endangered Species.
** Federal Endangered Species,

Common Tern *
Black Tern *
Caspian Tern
Mourning Dove
Chimney Swift
Belted Kingfisher
Horned Lark
Tree Swallow
Bank Swallow
Rough-winged Swallow
Barn Swallow
Purple Martin
Common Crow
Long-billed Marsh Wren
Short-billed Marsn Wren
Catbird
Starling
Myrtle Warbler
Black-throated Green Warbler
Yellow-rumped Warbler
Palm Warbler
Yellowthroat
House Sparrow
Redwinged Blackbird
Brown-headed Cowbird
Common Grackle
Cardinal
Snow Bunting
Indigo Bunt ing
American Goldfinch
Slate-colored Junco
White-crowned Sparrow
White-throated Sparrow
Song Sparrow
Amerdan Kestrel
Peregrine Falcon**
Marsh Hawk*
Golden Eagle
Bald Eagle**
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tre Harbor and proposed C3F site by herring g u l l s C-arjs arse'-ta
ring-Silled gulls (L_. delawarensis), and bonaparte gulls (L. pm
Many common mergansers (Fergus merganser). scaup (Aythya spb.T, m a i l arc
ducks (Anas platyrhynchos), and common songbirds were also observed. NO
maimals or mammal sign was observed. The shore edge habitat at the CDF
site consisted of concrete and stone fill material virtually devoid of
vegetation.

More detailed site inspections will be needed to determine total
wildlife use of the project area over the course of a year's time. Such a
study will be accomplished in later planning stages. However, the overall
habitat diversity and value to wildlife is fairly low.

Threatened and Endangered Species

The only Federally listed species possibly occurring in the project
area as a breeding species are the Indiana bat (Myotis soda!is) and tne
piping plover (Charadrius melodus). The Indiana bat winters in caves in
the south eastern U.S. and uses riparian forested habitat throughout its
range for rearing Its young. Neither of these habitat types occur in the
harbor or COF site and the bat has never been reported 1n Lake County
(Natural Land Institute, 1981).

The piping plover, however, has historically nested in undisturbed,
sandy, shoreline beach areas of Lake Michigan within two miles of Waukegan
(Nelson, 1876) and nested at Illinois Beach State Park north of Waukegan as
recently as 1975 (Natural Land Institute, 1981). However, this type of
sandy, undisturbed habitat is no longer present at Waukegan Harbor or the
proposed COF site. In addition, the Illinois Department of Conservation
now considers the piping plover to be extinct as a breeding species from
the state of Illinois though 1t still may occur as a rare summer migrant in
the Waukegan area.

In addition, the Federally! endangered peregrine falcon (Falco
oeregrinus) has been observed foraging 1n Waukegan Harbor during a recent
Corps' site inspection and a bald eagle was observed at Illinois Beac.i
State Park in 1971 (Bohler, 1978). They were believed to be migrating
through the area as suitable breeding habitat does not exist near Waukegan
and these species have, never been reported breeding 1n northeastern
Illinois (Natural Land Institute 1981).

Stats endangered species which may use Lake Michigan shoreline haoitat
for resting and foraging, especially during migration, include double-
crested cormorants (phalacrocorax auritus), black-crowned night herons
(Nvcticorax nvcticorax). Forster's tern (Sterna forsteri), common terns
(S. mrunao"). blacx terns (Chlidonias nlger), and marsn hawks (Circus
cyaneusu Of these only common terns nest on beaches and sandbars along
tne Lake Michigan shoreline. The other species commonly nest 1n more
inland marsnes and lake edges (Natural Lake Institute, 1981). Between
1934-1936 a colony of common terns existed at Waukegan (Ford, 1956).
Though the existing filled shoreline habitat around the Waukegan area may
still provide some suitable nesting substrate, the area is also highly
disturbed by human activities. The last reported nesting of common terns
in Lake County occurred 1n the 1960's at Powerhorn Marsh (Bohlen, 1978).
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Two state threatened fish have also been found near Waukegan. They
are the lake whitefish (Coregonus cluoeafarnis) and the longnose sucker
(Castomus castomus). Botn species were col lected between Waukegan and
Zion, Illinois in 1972 (Commonwealth Edison Company 1972). Lake whitefish
occupy deep water areas except during early spring when tney move into
shoals and spawn in shallow waters during the fall (Scott and Crossman
1973).

Longno.se suckers have more recently been reported at Waukegan in 1976
and at the Great Lakes Naval Training Station 1n 1975 (Natural Land
Institute 1981). This sucker lives in deep, cold, clear waters. In Ohio
the species has been reported entering water less than 7.5 meters deep in
the spring, presumably to spawn (Trautman 1957).

ARCHAEOLOGICAL AND HISTORIC RESOURCES

The lakebed at site 9 is not part of Waukegan Harbor; it may or may not
have been disturbed by dredging and construction. If the site contains
submerged archaeological properties (historic wrecks), their numoer,
nature, and significance is unknown. The adjacent shoreline at site 9 is
landfill. The area to be dredged has been disturbed by periodic dredging,
last done 1n 1969; it does not contain any significant cultural material.

SOCIAL SETTING

The immediate area 1s generally vacant industrial space, with some
railroad tracks and yards still 1n use. The Immediate urban area is somewhat
depressed. The major portion of waterborne commerce 1n Waukegan Harbor is
snipping of building cement and gypsum received by Gold Bond Building
Products and Huron Cement Company which are both divisions of National
Gypsum Comoany. In 1982, 114,000 tons of building cement were received and
in 1981, 130,000 tons of building cement and 81,000 tons of gypsum were
received. A commercial fishing fleet of eight active boats also operates
out of tne harbor. Thirty-six tons of fresh fish were unloaded at the har-
5or in 1982 and twenty-five tons were unloaded 1n 1981. The Port of
Waukegan is also homesite to a number of small and large scale industries,
including OMC Jonnson and Outboard Marine Corporation, together employing
over 2,000 persons. Other industries include Falcon Marine and a marine
contractor.

Another key use of the Port of Waukegan is recreational boating.
Currently, the Waukegan Port District operates 158 slips and moorings as
well as 103 dry docx spaces. Directly to the north of Slip 3, Larson
Marine Service houses approximately 300 small pleasure craft for storage
and repair. Since the mid 70's the Waukegan area has been recognized as
one of the major co-ho and salmon fishing areas on Lake Michigan. The
recreational use of the Waukegan Harbor has grown significantly over the
past twenty years and has served as the stimulus for the construction of
new harbor facilities to the south of Waukegan Harbor which were completed
in 1985. The new facility Includes 761 new slips for small pleasure craft.
This expansion will also increase the number of charter fishing boats from
35 in 1983 to a projected 60 charter boats operating out of the Waukegan
area in 1987.
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SECTION 4

ENVIRONMENTAL CONSEQUENCES

GENERAL IMPACTS

Construction and operation of a COF at site 9 would not have a s igni f icant
adverse impact upon community cohesion or growth, tax revenues, public
services or fac i l i t ies, air quality, or noise levels; no people or fams would
be displaced.

PHYSICAL AND GROUNDWATER IMPACTS

Negative Impacts upon groundwater resources are not expected to result
from implementation of the proposed plan.

AIR QUALITY IMPACTS

No significant violations of air quality standards are expected to occur
as a result of the construction of the proposed COF or the operation of the
mechanical dredge during the dredging season.

SEDIMENT QUALITY IMPACTS

Up to 187,500 cubic yards of "heavily polluted" sediments will be dredged
from the Federal channel and harbor areas and placed in the CDF. Another
75,000 cubic yards of clean, sandy sediments will be dredged and disposed of
by other means. Such dredging will significantly improve the overall channel
sediment quality as the underlying layers to be exposed by dredging are not
contaminated. However, the northernmost portions of the harbor will not be
dredged at the same time; these sediments contain high levels of contaminants
including PCB's between 50 and over 500 ppm (classified as "toxic" by U.S.
E?A) , and the potential exists for movement of these more highly polluted
sediments into the Federal channel by wave and boat action.

WATER QUALITY IMPACTS

Dredging the harbor will have several impacts to harbor water quality.
The dredge itself will cause an increase 1n turbidity in nearby waters.
Increased turbidity is considered short-term, unlikely to produce irreversible
effects, and more of an aesthetic rather than biological problem (Hirsch et
al.. 1978, Stern and Sticxle 1978). These resuspended sediments will have an
Increased potential for releasing PCS's and other contaminants from sediment
particles into the water column, thus, Increasing bloavallability of con-
taminants and releasing oxygen demanding constituents which lowers dissolved
oxygen levels. These impacts are considered relatively short-term and will
last only during the dredging season. Since dredging will ultimately remove
heavily-polluted sediments from the aquatic environment the overall, long-term
water quality will Improve.
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Construction and f i l l i n g of the-proposed CDF w i l l also increase
and contaminant release as discussed under dredging. These impacts are con-
sidered short-term.' Water quality projections for the COF filtrate is
currently not available. This information will oe included in future environ-
mental reports. However, virtually all (99.999999%) suspended solids will be
removed from escaping water by the sand filter in the dike wall. Therefore,
the only contaminants that may enter Lake Michigan are those that are highly
water soluable.

AQUATIC COMMUNITY IMPACTS

No Action Alternative

Under the no action alternative, aquatic populations in Waukegan
Harbor will continue to be Influenced by existing and future sediment
accumulations. Tissue samples of fish (USEPA, 1981) have shown high
accumulation of PCB's (averaging 18 ppm 1n Waukegan Harbor). Continued
exposure by fish and other organisms moving Into and out of contaminated
and toxic (Slip 13, Superfund) sediments will likely increase the export of
PC3's and other pollutants into the Lake Michigan food chain.

Contaminant pathways Into Waukegan Harbor-Lake Michigan fishes could
be through direct absorption from the water column, from contact with
sediments either 1n place or resuspended, and through the food chain. The
predominant pathway of contaminants to aquatic organisms 1s through direct
partitioning (diffusion) of a contaminant to fish gill tissue (Rubinstein
e_t_ aj_, 1984). This direct mode of contaminant concentration results from
contact with sediments and from contaminants 1n the water column.

The diffusion (equilibrium partitioning) of sediment constituents
between sediments, sediment Interstitial waters and the water column provi-
des a steady state (at equilibrium) release of sediment contaminants to the
overlying water column. Contaminants can also be released to the water
column during physical disruption and resuspenslon of bottom sediments.
Contaminant release may Influence water quality and make contaminants
available to aquatic organisms. Studies have shown that fish may directly
aosora contaminants from the water column and concentrate them 1n tissues
(Holden, 1962; Kudo and Mortimer 1978, Roesijadi et.aK, 1978; Bjerk and
Sverik, 1980; Rubinstein et_ *\_.% 1984).'Of "the contaminant pathways to
aquatic organisms, direct partitioning across the gills 1s generally con-
sidered dominant (Ruhinsteln ££ a]_., 1984). .

Bioconcentratlon of contaminants by aquatic organisms 1n direct con-
tact with the sediments has been reported by Halter and Johnson (1977),
Kudo and Mortlmerr (1978), McLeese et aU, (1980), Peddlcord (1980),
Varanasi and Gmur (1981), Rubinstein HaKt (1984), and Seelye and Mac
(1984). Contaminant uptake by aquatic organisms living 1n or upon the
sediments has also been reported to be much greater than by organisms in
the water column (Halter and Johnson, 1977; Kudo and Mortimer, 1978).

Contaminated sediments resuspended in the water column have the same
effect on organisms in the water colums as those 1n close association with
bottom sediments. Resuspended sediments may be Ingested or may collect on
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endangered birds and may possibly be used for spawning by the lake whitefish
(tnougn there is presently no data to support this). This loss- ofj habitat
*ould be permanent, but considered insignificant in comparison-to the amount
of similar habitat found througnout the Lake Michigan shoreline. The removal
of PC3's and other contaminants from the aquatic environment by placing in a
C3F would be considered a long-term benefit to all shoreline fish and
wildlife, including endangered species, and would outweigh any short-term
impacts.

The U.S. Fish and Wildlife Service and the Illinois Department of
Conservation have been contacted concerning possible impacts to Federal and
state threatened and endangered species. Their comments concerning threatened
and endangered species will be incorporated in future planning reports.

ARCHAEOLOGICAL AND HISTORIC IMPACTS

Maintenance dredging will be done 1n areas already disturbed by periodic
dredging; no archaeological or historic properties will be affected. The
Illinois SHPO has been consulted, and is expected to concur with this
determination.

The lakebed at site 9 is not part of Waukegan Harbor, and may and or may
not have been disturbed by dredging or construction. It Is not known whether
site 9 contains any significant archaeological properties (such as historic
snipwrecks). An underwater survey will be conducted at a later planning stage
to determine whether such properties exist, and to assess Impacts to them.
The Illinois Historic Preservation Agency (SHPO) has been asked to comment on
tnis matter.

SOCIAL IMPACTS
• •

Dredging and CDF construction would cause temporary, localized
increases in noise, odor, dust, and truck traffic levels during dredging
and construction.

Construction of a COF at site 9 would affect the future use and
development of the adjacent lakefront. Local land use or master plans should
be carefully considered 1n future planning.

If the harbor was not dredged the current level of ship traffic would be
expected to continue. However, shoaling near the mouth of the Federal channel
could restrict commercial traffic and allow only smaller ships or ships
carrying less cargo to enter the harbor. This would Increase shipping costs
and possibly cause area Industries to rely more on shipping by truck or rail.
Several harbor Industries rely heavily on shipping by water. Loss of this
method of transportation could result 1n lost business opportunities, more
unemployment, and further economic depression in the Waukegan area. If the
harbor and channel are dredged and maintained, area Industries would be
assured of an effecient means of transporting their products and area
employment could potentially Increase.

28



SECTION 5

COORDINATION

The Illinois Department of Conservation (Endangered Species Protection
Board), Illinois Historic Preservation Agency (SHPO), and U.S. Fish and
W i l d l i f e Service were consulted during the preparation of this preliminary
assessment. J
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APPENDIX
TO

..rir-IINA-RY ENVIRONMENTAL ASSESSMENT OF SITE 9, WAUXEGAS HAR3CR, ILLINOIS,
MAINTENANCE DREDGING AND CONFINED DISPOSAL FACILITY, MAY 1986

r.;CE?.?TS FROM MARCH 1975 CORPS FEIS FOR WAUKEGAN HAR30R, ILLINOIS)



Excerpts from:

Report"to Commonwealth Edison Coroany,
Chicago, Illinois.

Environmental Monitoring in Lake Michigan nea:

Zion and Waukegan Generating Stations January

1972 through December 1972 Volume II.
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List of phytoplankton taxa encountered in southwestern Lake
. Michigan near Zion and Waukegan, Illinois, 19*2. I = 57o cf

phytoplankton by reporting units (u) and/or by biovolume ('z',.
D = important in 30To of all samples.

BACILLAR1OPHY7A (Diatoms)
Achnanthes Bory

cievei Grunow
cievei var. rostrata Hustedt
lanceolata Breo.
lanceoiata var. dubia Grunow
lanceolata var. ros t ra ta Hustedt

Iu mir.utis sxrna Kuti.
p e r a e a l h va'r. pa rvula (?atr. ) Reim.
uniaentified sp.

Arr.tahioleura pellucida Kutz.
Arr.phora Ehrenberg

coffeaeforrr.is Agardh
delicatissirr.a Krasske
ovalis Kutz.
ovalis var. pediculus Kutz.
perousilla Grunow
unidentified sp.

Du.Ib Asterior.ella forrr.osa Hassall
Attheva zachariasi J. Brun.
Caloneis Cleve

baeillum (Grun. ) Mereschkowsky
unidentified sp.

Coccor.eis Ehrenberg
dirr.inuta Pant.
di s eulu s Schum.
pediculus Ehrenberg
plaeentula Ehrenburg
placer.tula var. euglysta (Ehr. ) Cleve

Ib plaeer.tula var. lineata (Ehr. ) Cieve
unidentified sp.

Coscinodiscus unidentified sp. Ehrenberg
Cvclotella Kutz.

anticua W. Smith
atorr.us Hustedt
bodanica Eulenst.
comta (Ehr. ) Kutz.

Iu glomerata Bachmann
kutzingiana Thwaites
kutzinciana var. planetoohora Fricke
rr.eneghiniana Kutz.
meneghiniana var. plana Fricke
michiganiana Skvortzo'w



lu.Ib

lu
lu

Ib

I u , b

lu

Du.b
lu.b

lu

oeellata Pant.
paeudoatelligera Huatedt
stelligera Cl. u. Gmn.
unidentified ap.
unidentified sp. 1

Cymatopleura
aolea (Breb.) W. Smith
• olea var. apiculata (W. Smith) RaLfa

Cymbella Agardh
microceohala Grunow
prostrata (Berkeley) Cleve
ainuata Gregory
turgida (Gregory) Cleve

Kuts.ventricoaa
unidentified ap.

Diatoma DeCandolIe
minoreloneatum var. Grunow

ter.ue Agardh
tenue var. elongatum Lyngbye
\mlgare Bory
unidentified ip.

Dialoneia Ehrenberg
puella (Schumann) Cleve
• mithii (Breb. ) Cleve
unidentified ap.

Enitherrua unidentified ap. Brebiaaon
Fragilaria . Lyngbye

ca-aucina Deamazieres
caaucina var. rr.eaole-sta (Rabh. ) Gmnow

(Ehr. ) Grunow
Kitten

conatruer.a
crotonensia
intermedia
letitoatauron (Ehr. ) Huatedt
pinnata Zhrenberg
pinnata var. lancetr^Ia (Schumann) Kuatedt
vaucheriae (Kass. ) Petera
unidentified ap.
unidentified ap. 2

Frustulia vulgaria Thwaitea
Corr.ohonerr.a Agardh

angAiatatum (Kutz. ) Rabh.
olivaceurr. (Lyngb. ) Kutz.
olivaceum var. minutiaaima Huatedt
pannilum Kuts.
unidentified sp.

G^rosigma Haaaall



• ealpraides (Rahh. ) Cleve
gpencerii var. nodifera Grunow
unidentified sp.

Hantzschia amphioxvs (Ehr. ) Grunow
Meloaira Agardh

ambigua (Grun. ) O. Muiler
distans (Ehr. ) Kutz.
granulata (Ehr. ) RaLfs
grar.ulara var. angustis sirr.a Muiler

Iu,b islandiea O. Muiler
Iu italic a (Ehr. ) Kutz.
lu ' unidentified sp.

Meridian ciculare Agardh
Navicula Bory

ar.glica RaLfs
bacillum Ehrenberg
casitata Ehrenberg
cantata var. hur.gariea (Grun. ) Ross
cari Ehrenberg
costulata Grunow
crvptocetihala Kutz.
crv-ptocephala var. v en eta (Kutz. ) Grunow

• decussis Ostr.
ex:gna (Greg. ) O. Muiler -

gastrurn (Ehr. ) Kutz.
f racilis Ehrer.berg
grega-.-ia D onkin
harr.bergii Hustedt
hur.gariea Grunow
hur.earica var. linearis Oestruu
longirostris

r.isculus
Kustedt

________ Schum.
minima G ran ow
plaeenr^la (Ehr. ) Grunow
platvstoma Ehrenberg
pupula Kutz.
pu^ula var. rectangularis
• alinarum Grunow

(Greg. ) Grunow

galirarum var. intermedia (Grun. ) Cleve
unidentified sp.
unidentified -SD. Z•

Neidium Pfitzer
dubium (Ehr. } Cleve
dubium fo. constrictum
unidentified sp.

Kustedt



Iu

lu

Iu,b

Ib
Du.b

lu.b
lu.b

Du.Ib.

Du

Iu
Ib

Ib
Du.Ib
Du

Ib

Nitzachia Has sail
acicularla W. Smith
amphibia Grunow _ "^
a.ng.ustata (W. Smith) Grunow
a-pieulata (Greg. ) Grunow
ciaf l ina ta (Kutz. ) Grunow
font: col a Grunow
fraatulum Kutz.
holaatiea Huatedi
linearia W. Smith
palea (KutzJ W. Smith
paleacea Grunow
aigrr.a (Kutz. ) W. Smith
tryblionella Kantzsch
unidentified »p.
unidentified ap. 2

Otseahora martvi Keribaud
Pi nr.ularia unidentified sp. Ehrenberg
Pleuroaigrr.a unidentified sp. W. Smith
Rhizosoler.ia erienais -K. L. Smith
Rhoicosphenia curvata (Kutz. ) Grunow
Rhonalocia unidentified «p. O. Muller
Stauraneis unidennfied sp. Ehrenberg
Steohar.ociscua Ehrenberg

alsinus Kustedt ex Kuber-Pestalozzi
aatraea (Ehr. ) Grunow
astraea var. minutula (Kutz. ) Grunow
binder anus (Kutz. ) Krieger
hantsschii G run o w
har.tzschii vel ter.uia Grun. -Huat. -Skabitschewsky
inviaitatus Kohn and Hellerman
rr.ir.uni5 Grunow ex Cleve and Moll.
niagarae Ehrenberg
tenuis Kustedt
transilvanicua Pant.
unidentified sp.
unidentified sp. 2
unidentified ap. 3 • astraea

Surirella Turpin
anguata Kutz.
ovalis Brebisson
ovata Kutz.
unidentified sp.

Svnedra Ehrenberg • • .
acua Kuts. . . .
del icat iaaima W.
delicatis airr.a var.

T

Smith
anguatiaaima Grunow



Iu filiforrrds Grur.o-*-
parasit-.ca W. Srr-ith.
radians Kutz.
•KW^BHHMM

rumpens Kutz.
ulna (Nitzsch) Zhrenberg

Ib ulna var. chaseana Thomas
ulna var. dar.ica (Kutz. ) Grunow
ulna var. longissima (W. Smith) 3run
ulna var. aubaecualis Grunow '

Iu unidentified «p.
Tabellaria

fenestrata var. ger.iculata Cleve
Du.b flocsulosa (Hoth)Ku:r.

Tropic on eis unidentified sp. Cleve
Iu Unidentified Gentries

Unidentified pennates

CHLOROPHYTA (Green Algae)
Ankistrodesrr.us

falcatus (Corda) RaLfs
falcatus var. rriirabilis (West and West) G. S. West
fractus (West and Wes t ) Brunnthaler
••siralis (Turner) Lerniriernr.ann

Arthrodesmus unidentified sp. Zhrenberg
Characium hooker: (Reinsch) Hansgirg
Chlarr.ycornonas unidentified sp. Zhrenberg
Chlorcgonium elongatum Dangeard
Closteriopsis

longissirr.a Leirirnerrr.ann
lengissirna var. tropica West and West

Closteriuin unidentified sp. Nitzsch
Coelastrum

.Ib carr.bricurn Archer
lu.b microoor'um Naegeli
Ib reticulatum (Dang. ) Ser.n
Ib gphaericum Naegeli

Cosmarium Corda
deoressurr. (Naegeli) Lur.dell
unidentified sp.

Crucigenia
aoiculata (Lemm.. ) Schrnidle
irregularis Wille
ouadrata Morren
rectangular:s (A. Braun) Gay

DictvosTshaerium tJulchellurr. Wood



Ib

Ib

Ib

Ib

Ib
Db

Iu,b

Flakatothrbe
gelatinoaa Wllle
viridia (Snow) Printz ' . ...,'

Franceia ovalis (France) Lemrnermann "
Gerrdnella minor (Naeg. ) Heering
Gloeoactinium lirnneticum C. M. Smith
Gloeocvstis

arnola (Kuts. ) Lagerheim
pianctonica (West and West) Lemmermann

GolerJcir.ia radiata (Chod. ) Wille
Gor.iurr. oectorale Mailer
Kirehneriella

_g or. tort a (Schmidle) Bohlin
lunar:3 (Kirch. ) Moebius
lunaria var. diar.ae Bohlin
obesa (W. West) Schmidle

Lagerheirrua
ciliata (Lag. ) Chodat
citriforrrds (Snow) G. M. Smith

Micraetiniurr. pusillum Freaeniua
Mcugeor.a (C. A. Agardh) Wittrock

gracilirr.a (Kaas.) Wittrock
unidentified sp. •

Nephroc\'tium
agardhianum Naegeli
lirnr.eticurr. G. M. Smith

Oocystia
borgei Snow
crassa Wittrock in Wittrock and Nordstedt
gloeocvatiforrnia Borge
la eu stria Chodat
car-/a West and West
yusilla Hansgirg
aolitaria Wittrock in Wittrock and Nordstedt
aubrr.arina Lagerheirn

Par.ecrir.a mo rum (Mull. ) Bory

borvar.um (Turp. ) Meneghiai
duplex Meyen
duplex var. clathratum (A. Braus) Lagerheim
duplex var. cohaerens Bohlia
duplex var. rotund a turn Lucks
simplex (Meyen) Lemmermann
simplex var. duodenarium .(Bailey) Rabenhorit
tetra^ (Zhr. ) Rails

Plat:ymonas unidentified sp. G. S. W««t
Flectanerr.a notatum Schmidle
Pclyblenhar ides unidentified ap. Dangeard



1
Quadrigula ' ...

chodatii (Tan. -Ful. ) G. M. Smith •
closterioides (Bohlin) Printz
lacustris (Chod. ) G. M. Smith

Radiofilum irregulars (Wille) Bnansthaler
Scenedesmus

ibundans (Kirch. ) Chodat
acuminatus (Lagerheim) Chodat
arcuatus Lem.rnerrn.ann
arcuatus var. platvcisca G. M. Smith

. armarus (Chodat) G. M. Smith
bijuga var. alterr.ans (Reinsch) Kansgirg
bijuga var. flexuosua (Lem.m. ) Celiins
brasiliensis B ohiin
carinatus (Lem.m. ) Chodat
der.tieu.latu a Lagerheim
dimorphus (Turp. ) Kuetsiag
interrnedius Chodat
longispina Chodat
longus Meyen
lor.gus var. naegelii (Breb. ) G. M. Smith
oblicuus (Turp. ) Kuetsing
opoliensis P. Richter
ouadricauda (Turp. ) Brebisson
cuadricauea var. triaximus West and Weat
ouadricauda var. wesrii G. M. Smith

Schisochlamvs
:.omoacta Prescott
gelatinosa A. Braun in Kuetzing

Schroederia
ancora G. M. Smith
setigera (Schroed. ) Lernxnermann

Selenastrum gracile Reinsch
Sphaerocvstis schroeteri Chodat
Sponcvlosiurr. Brebisscn

(Wolle) W. and G. S. Westplanum
unidentified sp.

Staura strum Meyen
curvatum W. West
unidentified sp.

Stichococcus unidentified sp. Naegeli
Stigeocloniurn unidentified sp. Kuetzing
Tetraedron Kuetzing

caudatum (Corda) Hansgirg
minimum (A. Braun) Hansgirg
muticum (A. Braun) Hansgirg



Ib

Ib

regulars Kuetrirg
regulars v»r. incua Telling
unidentified ap. '

Tetraapora
gelatinoaa (Vauch. ) Deavaux
lacuatria Lemmerrnann
larnelloaa Freacott

Tetraatrum ataurogeniaeforme (Schroed. ) Lemrrierrnann
Trochiscia reticularia (Reinach) Hanagirg
Ulothrix unidentified «p. Kuetzing

CHRYSOPKYTA (Golden-Brown Algae)
Aulorr.onaa ap. Lackey
Chrvsoaohaerella longiapir.a ' Lauterborn
Cladorr.onaa Stein

fruticuloaa SteinIu,b

lu
lu, Db

lu.b

lu

Iu,b

unidentified ap.
Codor.osiga unidentified ap.
Diceras Dhaseolua Fott

Senn

- DiehotomococcMS lunate a Fott
Dir.obryon Ehrenberg

bavaricx^rr. Irnhof
cvclindricurr. Lmhof ex Ahlstrom

Imhof
r^n.) Steinecke

Lagerheim

divergens
pediforrr.e
aociale Ehrenberg
unidentified ap. 1

Karsoehvtriurr. unidentified ap.
Mailcrr.onaa

aearaidea Pert's
caudata Iwanoff
producta (Zachariaa) Iwanoff
pseudocoronata Prescott
tonsurasa Telling

Monoaiga unidentified ap. S. Kent
Cehiocvtiurr.

caaitarum Wolle
longia-sinurn (Moebiua]caaitaturn var.

P-ronieila
hvalothecae Gobi

G. M.plar.eto.-.ica
Rhirochr-/ais lirr.netica

Smith
G. M. Smith

Stiaitocceeus West and Weat-
apieuiafua Preacott
urceolatua Weat and Weat
unidentified ap.

Urog lenooa ia ameriear.a (Calkina) Lemmermann



CYANOPHYTA (Blue-Green Algae)
Anabaena Bory

circinalia Rabenhorst
floa-aeuae (Lyngb. ) Brebisson
unidentified sp.

Ib Aphanizorr.enon floa -acuae (L. ) Ralfs
Aphanocapaa Naegeii

elachista W. and G. Smith
unidentified ap.

Aphanotheee
Ib caatagnei Brebisaon

•clathrata G. S. Weat in West and West
Iu ' nidular.s P. Richter

Chroocoecua
lirnneticus Lernmerrr.a:in
pallidus Naegeii

Iu preacottii Drouet and' Daily jr. Drouet
turgidua (Kuetzing) Naegeii

Coelasphaeriurn
kuetzingianum • Naegeii

Du naegeliar.u^: Unger
Gloeocassa aerugir.osa (Carm. ) Kuetzing
Gorr.phosphaeria

Iu lacuatria Chodat
Iu lacustria var. compacta Leirur.ermann
Iu, b Lvngbva unidentified ap. Agardh

Merisrr.ooedia
Iu ennvoluta Brebiason in_ Kuetzing

giauca . (Ehr. ) Naegeii
punctata Meyen

Microcvstis
aerugir.osa Kuetzing emer.d. Zlenkin
incerta Lemir.ermann

Oscillatoria Vaucher
amoena (Kuetz. ) Gomont

Iu, b geminata Meneghini
Ib limnetica Lerrrnermann
Iu, b tenuia Agardh

unidentified ap.
Stichosiphon unidentified ap. Geitler

Iu Unidentified blue-green filaments

EUGLENOPHYTA
Eugler.a

polvmorpha Dangeard
proxirr.a Dangeard



LecocincJia
Prescott jn Preacott, Silrt, and Wad*• aeuta

ovusi (Ehr.) Lemraernajin
Trachelcmonaa Ehrenberg

crebea TKellicott) Deilandre
unidentified «p.

FYRRHCPKY7A
Ib Ceramiza hirundinella (O. F. Muell.) Dujtrdin

Glenociniura uniden^ied »p. (Ehr.) Stein
Per:cin:urn uniden^fied «p. Ehrenberg

MISCELLANEOUS
Rhodcraonaa unidentified sp.
Unidentified flagellate 1
Unidentified flagellate 2

Karsten



List of zooplarkton encountered in southwestern L*k« Michigan
near Zion and Waukegan, Illinois 1972.

Rotifera
Crustacea

Copepoda
nauplii
calanoid copepodites
cycloppid copepodites
harpacticoid copepodites .
Cvclocs bicusridatus thorr.asi S. A. Forbes
C. verr.alis Fischer
Diaptorr.us spp. (female) •
D. ashlar.di (rr.ale) Marsh
D. rr.inutus (sale) Lilljeborg
D. oregoner.sis (male) Lilljeborg
D. si tills (:r.ale) S. A. Forbes
Epischura laeustris S. A. Forbes
Eucvclocs ag:l:s (Koch)
Eurvterr.ora affir.is (Poppe)
Limhocalanus a-.acrurus Sars
Mesocyclops edax (S. A. Forbes)
Orthocyclops modestus (Herrick)
Paracyclsps firr.br:atus poooei (Rehberg)
Tropocvclops prasinus (Fischer)
harpacticoica

Cladocera
Alona spp. Baird
A. ouadrangularis CO. F. Muller)
Bosnrir.a long'.rostris (O. F. Muller)
Ceriocap'r.r.ia spp. Dana
C. lacus:r:s Birge
C. cuadrar.gula (O. F. Muller)
Chydorus sp'naericus (O. F. Muller)
Daphr.ia spp. O.F .M.
D. galeata rr-eneotae Birge
D. lor.girerr.is Sars •
D. parvula Fordyce
D. retrocurva Forbes
Diaphanosoma spp. Fischer
D. leuchtenbergianuTTi Fischer
Eubosmina coregoni (Baird)
Eurycereus lamellatus ( O . F . Muller)
Holopedium gib&erurn Zaddach
Leotodora kindtii (Focke)



' Leydigia spp,
L. auadraneular is
Macrothr:x spp

Kurs
(Leydig)

Baird
M. h'.rsuticorr.is Norman and Brady
M. la:icorr.is (Jurire'
Polyphemus pec 'nne)

Amphipoda
Por.tonoreia aff 'rora



( I /4NM) NORTH CONTROL ZONC

(1/4 NM) NORTH 210N ZONE

(1/4 NM) SOUTH ZION ZON£

HICHIGAM

(1/4 NM) DEAD RIVER CONTROL ZOHC

(1/4 NU) WAUKESAN ZONE

10' 20' 30* 40'
/ I / /

locations in southweitern Lake Michigan,
near Zion and Waukegan, Illinois, January through
December 1972.



List of ber.thic organisms encounte red in s o u t h w e s t e r n
Lake Michigan near Zion and Waukegan Illinois, 1972.

Aschelrr.inthes
Nematoda

Cnidaria
Hydrazoa

Kydroida
Kydridae

Hydra

Platyhelminthes
TurbelLaria

Rhabdocoela

Annelida
Oligochaeta

Plesiopora
Enchytraeidae
Naididae

Nais Muller
Figuetiella rr.ichiganensis Hiltunen
Stvlar'.a lacustr is (Linnaeus)
Uncir.ais ur.cinata (Orstedt)
Ve;covs"kvej,:a -.nzermecia ( H r e t s c h e r )

Tuhificicae
Unidentified imrr.amre tubi^cidae with capilliforrr. chaetae
Unidentified irr.rr.ar^ire tubificidae without capilliforrr. chaetae
Aulodrilus arr.ericanus Brinkhurst it Cook
Aulocr'.lus oluris.eta (Piguet)
Ilvocrilus terr.pletani (Southern)
Limr.oerilus anguatiper.is Brinkhurst it Cook
Lirr.nodrilus cervix Brinkhurst
Lirrjocriius c lapared ianus Ratze l
Lirr.nocrilus hoi'frr.eisteri Claparede
Lirr.-.ocnlus hoffrr .e is ter i variant Claparede
Lirr.noeriius p r o f u n d i e o l a (Verri l)
Lirr-ncdrilus soiral is Eisen
Lirr.nocrilus udexerr.ianus Claparede
Pelosco lex f r e v i Brinkhurst
Peloscolex rr.ultisetosus longidentus Brinkhurst &t Cook
Feloscolex rr.ultisetosus rr.ultisetosus (Smith)
Potorr.othrix moidaviensis 'Vejdovsky & Mrazck
Potomothrix vejdovskvi (Hrabe)
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^ Tubifex ignotua Stole
Tubifex tubifex Muller

Prosopora
Lurnbriculidae

Stvlodrilus her ingianus Clapare^e
Hirudir.ea

Rhynchobdellida
Glossiph oniidae

Glossiphonia corr.plar.ata (Linnaeus)
Helobdella stagnalis (Linnaeus)

Piscicolidae
Pisicola geometra Linnaeus

Arhynchobdellica
Erpobdellidae

Dina rrj.crost3rr.a Moore
Dina oarva Moore

\r-poca
CrMstacea

Cstracoda
Mysicacea

Mysidae
My sis relicta Loven

Isopoda
Asellidae

Asellus brevicaucus Forbes
Asellus ir.terrr.edius Forbes

Arr.phipoda
Talitridae

Hvalella azteca (Saussure)
Haustoriicae

Pontoporeia affir.is Lindstrom
Arachnida

Acar ina
Kydracar ina

Ins e eta
Kemiptera
Trichoptera

Hydropsychidae
Hvdropsyche Pictet

Coleoptera
Elmidae

Dubiranhia Sander'son



Diptera
Chironomidae

Chironorr.ua attenuates Walker
Cladocar.vtaraus Kieffer
Crvptochironomua Kieffer
Crvptoclacopelrr.a Lens
Hetero t r i s soc lad ius Sparck
Micropsee t ra Kieffer
Monodiame sa tuberculata spec. nov. Saether
Parachiror.omua Lenz
Faracladopelma Karniach
Farakie f fene l la Thienernann
Polypecilum (Fallax group) Kieffer
Potthastia (Kieffer)
Procladius bellua Loew
Tanvtarsus Van der Wulp
Thier.eman.iirr.yia Group Fitkau

Mollusca
Gastropoda

Ctenobranchiata
Amnicolidae

Somatogyrua Gill
Valvaddae

Valvata perdepresaa Walker
Valvata sir.cera Say
Valvata sir.cera nvlar.deri Dall
Valvata tr-.carir.ara simplex Gould

Fulrr.onata
Physidae

Phvsa Draparnaud
Lymnaeidae

Lvrr.naea auricularia Linnaeus
Pelecypoda

Kererodonta
Sphaeriidae

Pisidiurn amr.i (Muller)
Piaidium idahoer.se Roper
Pisidiurn lilleborgi Cleasin
Sohaeriurr. corneurn (Linnaeus)
Sphaeriurn fabale Prime
Sahaerium nitidum Clessin
Sohaerium striatinurn (Lamarck)

If
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